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acrophytes comprise of aquatic plants belonging to bryophytes,
pteridophytes, and angiosperms (Cushing and Allan, 2001). As
primary producers, they provide food to many herbivores,
including birds, fish and numerous invertebrates (Lauridsen et al., 1993; Gross
et al., 2001). Macrophytes also provide habitats and refuges for periphyton (Pip
and Robinson, 1984; Carpenter and Lodge, 1986), zooplankton (Stansfield et
al., 1997), other invertebrate species (Dvoraki and Bestz, 1982), and
vertebrates, such as fish and frogs (Martin et al., 2005) and are also of major
importance to humans as a source of food, biomass, and building materials
(Engelhardt and Ritchie, 2001). They play key function in biochemical cycles,
through organic carbon production, phosphorus mobilization, transfer of many
trace elements (Jeppesen et al., 1998; Marion and Paillisson, 2002), and also by
their action on the siltation of particulate matter (Bhowmik and Adams, 1989)
and as carbon sinks (Xing et al., 2006). They even influence the hydrology and
sediment dynamics of freshwater ecosystems through their effects on water
flow (alteration or reduction of current velocity, Madsen et al., 2001) and
particle trapping or re-suspension (Vermaat et al., 2000).
In addition to macrophytes, ecology, functioning and management of
aquatic ecosystems are largely controlled by the pattern of water-level
fluctuations that occur within and between years (Scheffer, 1998; Coops et al.,
2003). Water-level fluctuations of aquatic ecosystems depend, first of all, on
seasonal variations in meteorological conditions (amounts of precipitation and
evapotranspiration), size and characteristics of catchment area, and also on
local human activities interfering with natural hydrology (regulation of the
ecosystem in and outflow regime, use of water resources (Wantzen et al.,
2008a). Macrophytes are by far the most investigated group used for exploring
the effects of water level fluctuation on biological organisms in aquatic
ecosystems (Leira and Cantonati, 2008). In lake ecosystems, the efforts mainly
focus on the relationships between water level fluctuation and the presence,
species richness, distribution and cover of macrophytes (Wallsten and
M
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Forsgren, 1989; van der Valk, 1990; Gacia and Ballesteros, 1996). Water-level
fluctuation generally affects macrophyte development in an indirect way
through changes in a suite of variables like sediment characteristics, water
clarity, wave exposure and current velocity (Scheffer, 1998).
Among macrophytes, reletively little research has been conducted on the
response of floating-leaved macrophytes to water level fluctuations (Sinden-
Hempstead and Killingbeck, 1996; Paillisson and Marion, 2006) than
submerged and emergent groups (Moss et al., 1997 and Scheffer, 1998). This is
in spite of the fact that the floating-leaved macrophytes, and more particularly
nymphaeids, are often the dominant vegetation in a large range of water depths
(0.5–3 m, e.g., Brock et al., 1987; van Geest et al., 2003) and play important
roles in the functioning of aquatic ecosystems, such as  high organic matter
production (Kunii and Aramaki, 1992; Barrat-Segretain, 1996), large
accumulation and cycling of nutrients (Marion and Paillisson, 2003;
Pieczynska, 1993), and can serve as food, substrate and/or shelter for numerous
other organisms (Moss et al., 1997). Their morphological and physiological
features, and responses to a certain degree of water-level increase (well
developed rooting system, elongation of petiole and dense canopies of floating
leaves) have led to the notion that macrophytes are tolerant to large water-level
fluctuations, at least in small aquatic ecosystems (Brock et al., 1987).
In Kashmir Haimalaya several lakes, ponds and wetlands, especially Dal,
Wular, Khushalsar and Anchar, have the extensive beds of floating-leaved
macrophytes that play a significant role in the functioning of these ecosystems.
A prominent feature of wetlands and lake shores is the depth zonation, with
species occupying different portions relative to the water level (Keddy, 1984;
Ellery et al., 1991). The depth range a species occupies is determined by its
tolerance of the gradient of factors that vary with depth (e.g. soil moisture and
particle size, duration and depth of submergence, wave action), and
competition with other species with overlapping tolerances. Plants
characteristic of deeper water survive there by virtue of adaptations such as a
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greater ability of seedlings to grow under water (Weisner et al., 1993;
Clevering et al., 1996), superior oxygen transport physiology (Brix et al., 1992;
Tornbjerg et al., 1994), or greater hypoxia tolerance (Crawford, 1992). The
decline in species richness with depth seen in many lakes and wetlands (Keddy,
1984; Weisner, 1991) further supports the notion that the deep-water species
are often specialized stress avoiders or tolerators, but cannot compete with
faster-growing generalists in shallower habitats (Grace, 1987).
It is in this context that the present investigation was undertaken to study
the effect of water-level fluctuations on some macrophytes in different
freshwater ecosystems of Kashmir with the following specific objectives.
 To find out the influence of eutrophication vis-à-vis depth on various
traits of the selected plant species.
 To investigate the importance of water depth in the distribution of some
macrophyte species in the lakes of Kashmir Valley.
For realising the above objectives, data on the distribution of seven
rooted floating-leaf type macrophytes along with important ecological features
of the concerned water bodies were collected during the growing season (April
– November) of 2011 from three important lakes of the Kashmir valley, i.e.,
Dal, Anchar and Manasbal. It was expected from the present study that water
depth and trophic status of lakes will influence the morphological traits of the
plant species, and to see, if change in water depth could be used as a tool for
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acrophytes are aquatic photosynthetic organisms that actively
grow permanently or periodically submerged below, floating on,
or growing up through the water surface. According to Chambers
et al., (2008) aquatic macrophytes are represented in seven plant divisions:
Cyanobacteria, Chlorophyta, Rhodophyta, Xanthophyta, Bryophyta,
Pteridophyta and Spermatophyta.
Aquatic macrophytes in different growth forms represent the most
important biotic element in a lake ecosystem. Macrophytes are excellent
indicators of the ecological state of water bodies, mainly because they integrate
environmental changes over periods of a few years, and reflect the cumulative
effects of successive disturbances (Tremp and Kohler, 1995). Distribution of
these macrophytes in water bodies and their coexistence can be determined by
tolerance to drought and flooding (Smith & Brock, 1996). Knowledge about
responses of individual species to hydrological conditions may enable more
efficient restoration or promote ecologically sensitive hydrological
management. Long-term data are essential to understand the trajectory of
changes in macrophytic communities and their ability to take up nutrients,
particularly in water bodies exposed to human pressures (Hellsten et al., 1996;
Egertson et al., 2004).
Most studies have, however, analyzed the effects of water level
fluctuations in short term or under experimental conditions (Coops et al., 1996;
Casanova & Brock, 2000; Deegan et al., 2007). However, in the longer term,
plants may either adapt to the new hydrological conditions or disappear.
Therefore, it is necessary to consider macrophyte responses from a longer term
perspective in order to correctly identify the relative impacts of hydrological
change on nutrient cycling and other processes.
Many authors recognize that the presence of macrophytes can play a key
role in the long-term success of bio-manipulation efforts (Hanson and Butler,
1994; Perrow et al., 1997; Hansson et al., 1998). Submersed macrophytes
M
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contribute to the stability of the clear-water state by stabilizing the bottom
sediments (Balls et al., 1989; McQueen et al., 1990; Moss, 1990; Blindow et
al., 1993), providing refuge for invertebrates (Timms & Moss, 1984; Schriver et
al., 1995), sequestering nutrients (Van Donk et al., 1989), and reducing
sediment re-suspension (James and Barko, 1990; Petticrew and Kalff, 1992;
Van den Berg et al., 1998; Vermaat et al., 2000).
Communities that inhabit the shorelines of lentic bodies of water are
ordered into zones dominated by plants with distinctly differing growth forms
and life history strategies as revealed by Mitsch and Gosse link (1986) and also
species that occupy these zones are ultimately limited by water depth  as
advocated by Spence  (1982) and even within zones, species exhibit
morphological differences that are specifically related to water depth (Lieffers
and Shay, 1981).
The potential for plastic modification of morphological traits facilitates
the survival of the plants over a range of water depths. For instance, elongation
of culms and increased shoot: root ratios have been shown to occur in water of
increasing depth in various helophyte species (Haslam, 1970; Grace and
Wetzel, 1981)
In the studies on growth and distribution of emergent macrophytes along
the water depth gradient, Grace and Wetzel (1981) found that Typha
angustifolia grows over a wider range of water depths in pure culture than
Typha latifolia and that in both cases the maximum growth occurs at about the
same water depth. They, however, maintained that in mixed cultures having an
asymmetric composition results in exclusion of T. angustifolia from shallower
water.
Zutshi and Vass (1982) in their studies on Dal lake (Kashmir) estimated
0.5m as the maximum depth of colonization by emergent forms. The floating
leaf-forms are reported to be distributed over depth range of 0.25- 1.97m, while
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maximum amplitude of 0.4- 3.0 m has been reported by the authors for the
submerged communities of Myriophyllum – Ceratophyllum.
Handoo and Kaul (1982) worked out phytosociology and community
architecture of some typical wetlands of Kashmir. According to these authors,
shallow wetlands in which the annual fluctuations in water level are relatively
small, are characterized by a greater diversity and a low importance value of
the various constituent plants as compared to those experiencing wide water
level fluctuations. The authors also reported a gradual increase in species
richness from 1.2 to 4.76 with a decrease in water depth.
Kaul (1982) compared some typical wetlands of Kashmir on the basis of
their community architecture and reported shallower wetlands (Malgam,
Nowgam and Haigham) having water depth of <0.80 cm to be conducive for
the establishment of an association of emergents like Phragmites australis,
Typha angustata, Scirpus lacustris, Sparganium erectum and Myriophyllum
verticillatum, whereas deeper wetlands (Mirgund and Hokarsar) were
colonized by Typha-Nymphoides associations. The author opined that the
deeper wetlands, predominantly covered by floating leaf- types, to be
structurally less complex as compared to other shallow wetlands.
In an aquatic ecosystem, increased water level depletes soil oxygen,
which affects plant metabolism and growth through mechanisms such as
reduced photosynthesis, altered nutrient uptake and hormonal imbalance
(Kozlowski, 1984).
Purohit and Singh (1986) studied the germination and growth of
Potamogeton pectinatus in lake Nainital (U.P.) at different water depths. The
authors observed that the maximum rate of growth occurred at one meter depth.
The growth decreased by 57% at a depth of 5- 7.5m and by 69% at depths
between 7.5 and 10m. The root development was more at 2.5m depth which
decreased considerably below 5m depth, while the number of leaves increased
slightly from 1 to 5m depth.
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Murphy et al. (1987), while discussing multivariate assessment of plant
management impacts on macrophyte communities in a Scotish Canal, reported
that the timing and type of control operations play an important role in
determining the hydroseral age of the plant communities present. According to
the authors, floating-leaved rooted vegetation (e.g. Potomogeton natans),
appeared to be naturally resistant to the weed control regimes used and due to
this relative immunity to the main ecological pressures influencing the
submerged community this component of vegetation is increasing in
dominance posing major weed problems in the Canal.
Wallesten and Forsgren (1989), while studying the Lake Tamnaren in
1973 with respect to effects of water depth, stated that prior to increase in water
level, aquatic vegetation covered 80 % of the lake area but an increase in water
level by 0.5 m in the year 1977 decreased the propagation area of vegetation to
14 %.
Zutshi and Gopal (1990) reported that among the several factors which
contribute to species richness of macrophytic community, water depth and its
periodic fluctuations are probably the most important factors for both
submerged and emergent communities. The authors also held that multi-species
free-floating communities are often found in greatly disturbed habitats or those
with conditions that are unfavourable for rapid growth.
Waters and Shay (1992) in their studies on Typha glauca found that
shoot density declined significantly from 41 shoots/m2 at 25 cm water depth to
12 shoots/m2 at 85 cm, and reached its maximum (38 shoots/m2) at 100cm. The
authors interpreted those population parameters as evidence of a plastic
population response to water depth.
Rea and Ganf (1994) found that with increasing depth Baumea
arthrophylla and Triglochin procerum increased tiller biomass at the expense
of rhizomes and tubers first, and finally roots once depth became critical and
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both species also allocated greater biomass to roots when never flooded and
less biomass to roots when flooded to greater depths for longer periods.
Coops et al., (1996)  studied   the potential role of plastic growth
characteristics of four helophyte species viz; Phalaris arundinacea, Phragmites
australis, Scirpus maritimus and S. lacustris and observed that with increase in
water depth basal stem mean diameter of all the four species also gets increased
but stem elongation was strongest in S.maritimus and S. lacustris and further,
enhanced formation of adventitious roots at submerged nodes was shown by
Phalaris arundinacea and Phragmites australis.
Hempstead and Killingbeck (1996), while studying the rooted floating–
leaf type macrophyte Nymphaea odorata in terms of relationships among water
depth, substrate nitrogen, and leaf surface area, found that leaves growing at
the pondward perimeter of N. odorata beds were up to 74% larger than mid-bed
leaves while as surface areas of leaves growing within N. odorata beds were
not influenced by water depth.
Several studies have used remote sensing technologies to relate the
distribution of emergent and floating-leaved macrophytes in southeastern
Coastal Plain reservoirs to physical factors, such as water depth, fetch, and
sediment slope (Welch et al., 1985; Jensen and Mackey, 1991; Narumalani et
al., 1997). These studies have shown significant reductions in macrophyte
abundance at greater water depths and greater fetches (Welch et al., 1985;
Narumalani et al., 1997) with smaller effects for sediment slope (Narumalani et
al., 1997).
Chambers and Kalff (1985) found the average maximum depth of plant
colonization (MDC) for charophytes at 11% of the surface incident irradiance,
and MDC for angiosperms and bryophytes at 21% of the surface irradiance.
However, aquatic plants have been recorded in areas receiving <1-2% of the
surface irradiance (Hutchinson 1997).
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Nohra and Kimura (1997) while studying  the effects of water depth and
flooding on Nelumbo nucifera found that the number of floating leaves, the
total number of leaves and leaf area index of emergent leaves were greatest at
0.5 m depth and the petiole dry weight per unit length of emergent leaves and
the ratio of above ground to  below ground biomass rose with increasing water
depth up to 2 m and in contrast to that of floating leaves  was constant at 10 mg
dry weight cm-1.The authors further  investigated the petiole elongation
responses to the amplitude of  flooding  in early summer and observed that the
maximum petiole elongation was 25 cm per day at 2.4 m water depth which was
the maximum depth at which N. nucifera could grow.
Rea et al., (1998) while studying the effects of water depth on
development of macrophytes reported that the area occupied by floating-leaved
macrophytes increased from 3.2 ha in 1979 to 19.9 ha in 1992, when
macrophytes occupied 84.1% of the area <2 m deep and 56.3% of the area 3 m
deep and further the rates of macrophyte development were consistently slower
in areas of greater water depth and greater fetch.
Clevering and Hundscheid (1998), while studying plastic and non-
plastic variation in growth of newly established clones of Scirpus
(Bolboschoenus) maritimus L., found that number and dry weight of ramets
were higher at 0 and 10cm  than at 20 and 30 cm water depth and there was no
plastic but a high non-plastic variation in rhizome spacer lengths. The authors
also observed that in response to water depth culms were longer, but the
relative length growth rate of culms and leaf morphology remained unaffected
by water depth and total ramet dry weight did not differ between water depths,
but with increasing water depth the proportional allocation of dry matter to
stems increased at the expense of roots and rhizome spacers.
For many submersed macrophytes both water depth and sediment
composition can influence the achievement of maximum biomass (Gafny and
Gasith, 1999). The maximum depth at which autotrophic aquatic plants
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colonize has been shown in numerous studies to be linearly related to
transparency of the water (Hudon et al. 2000). According to Strand and
Weisner (2001) aquatic  macrophytes  often face a trade-off between the need
for leaf growth (in order for leaves to grow closer to the water surface), the
need for root growth (for nutrient acquisition) and the need for stolon growth
(for dispersal) in response to water depth .
Strand and Weisner (2001) and Milne et al., (2006) advocated that water
depth is a major environmental factor influencing the distribution and growth
of submersed macrophytes. However, it has been found that it (water depth)
affects plant growth in conjunction with sediment and other factors such as
light, wave and velocity of flow (Maurer & Zedler, 2002).
Strand and Weisner (2001) investigated morphological responses of the
submerged macrophyte Myriophyllum spicatum L. to water depth and wave
exposure and revealed that with increase in water depth plant shoots exhibited
increased plant height and branch length, and decreased branch number against
the plants studied at sheltered conditions. Also the partitioning between above-
and below-ground biomass, however, differed with below-ground biomass
decreasing with an increasing water depth, but increasing or remaining
unaffected at sheltered sites.
According to Sorrell et al., (2002) water depth is the prime physical
factor that varies along elevational gradient in wetland habitat and the depth
range which a species occupies is determined by its tolerance to gradient of
factors that vary with depth (such as soil moisture, particle size, duration and
depth of submergence, wave action) and competition with other species with
overlapping tolerance.
Bashir (2003), elucidated the dominance pattern of macrophytes in
Hokarsar wetland and observed that the plant species, Nymphoides peltatum,
was present in the wetland throughout the year recording a low frequency of
8% in December-January and maximum frequency and density value of 29%
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and 16.6/m2 respectively during June- July. Also, Nymphaea spp. was noticed
to have a higher frequency of 16% in the month of April and lower value (4%)
in December. Similarly, Trapa bispinosa was found to have a maximum
frequency of 20% and density of 5.6/m2 during July- August.
Chauhan (2005) while experimenting on Scirpus littoralis under
different water depths found that the total number of tillers produced in 0 cm
water depth was 5, which increased to 8 at 15 cm and then declined to 4 at 30
cm water depth and also the aboveground biomass at increased from 2.33 g at
0cm and 2.8g at 5cm to 5.8g at 15 cm and then declined to 4.0g at 30cm water
depth. Similarly the belowground biomass increased from 0.38g at 0cm water
depth to 0.68g at 5cm to 1.14g at 15cm and the decreased to 0 .83g at 30cm
water depth. The author further observed that the number and size of spikelets
and the inflorescence biomass also increased with water level from 0 to 15 cm
and declined at 30 cm.
Qadri and Yousuf (2005), while observing macrophytic distribution in
Dal lake during summer revealed that the submerged macrophytes covered
extensive areas because of their aggressive capacity. Also, these macrophytes
occupied deeper regions of the lake and were dominated by Ceratophyllum
demersum, Myriophyllum spicatum and Potamogeton lucens. The hazaratbal
basin of the lake was dominated by Trapa natans, Nymphoides peltatum, P.
lucens, P. natans, C . demersum and M. spicatum, while Nelumbo nucifera was
abundant along the southern side. Similarly, in Nigeen basin C. demersum was
the dominant species forming monospecific meadows, especially in the central
part. Large patches of Nympheae alba were observed along the northern side of
this basin. The study found that C. demersum-M. spicatum combination was the
most dominant in Lokut Dal basin and covered extensive areas. N. peltatum
and Hydrocharis dubia covered large beds along the southern shores; while in
Gagribal basin, P. lucens-C. demersum complex was the dominant association
filling large patches of the water body. In general, the authors noticed changes
in vegetation with varying water depth by observing the shallower zones to be
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dominated by emergents and as the depth increased rooted floating-leaf type
macrophytes got established.
Kumar and Pandit (2006), examined the species composition and
distribution of rooted floating–leaf type vegetation in Hokarsar wetland of
Kashmir Himalaya and found a total of seven species belonging to six families.
The maximum contribution to Important Value Index being made by
Nymphoides peltatum (200.27), followed by Trapa natans (34.85) as against by
Marsilea quadrifolia (7.17). The investigators further reported an adaptive
connection of floating leaved vegetation with the hydrology of the system
which makes them more important to assess the fluctuations in water depth and
indicates the temporal changes in various community features of macrophytes
in the wetland.
Paillisson and Marion (2006) investigated above-ground biomass and
morphological responses of a floating-leaved plant species, Nymphaea alba, to
small spring water level manipulations (0.1–0.5 m) in a large, shallow lake over
a 9-year period (1995–2003). The authors found that mean annual above-ground
plant biomass was higher in years of low water levels, and  that  the plant
responded to high spring water levels by producing longer and thinner petioles
to preserve leaves from flooding while no significant changes in leaf surface
area  and leaf/petiole biomass ratio were obtained. They concluded that small
deviations in spring water level can be the driving force in a large system in
controlling the above-ground biomass of this floating-leaved plant.
Xiao et al., (2006), while studying the changes in clonal morphology of
the floating-leaved macrophyte Nymphoides peltata in response to water depth,
observed that clone weight and ramet number demonstrated optimal growth at
water depth of about 60 cm and beyond this depth these growth parameters
were increasingly less than optimal. The authors argued that biomass allocation
to petioles of clones gradually increased with depth at the expense of allocation
to roots. In addition, ramet weight and petiole length had no significant
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variation in shallow water, while they dramatically decreased among
generations in deep water.
Mahdi et al., (2007), studied the macrophytic associations in river
Jhelum and reported 20 species of macrophytes of which the maximum number
(12) of species were found in the Lidder Nallah and one species was registered
in each Nambla Nallah and in the Uri section (Dachhi) in the Jhelum. The
authors also revealed that the tributaries depicted higher diversity than the main
river. A perusal of the data on the physic- chemical nature of water and bottom
sediments indicated that the occurrence of macrophytes was greatly influenced
by the type of bottom substrate, current velocity, transparency and overall
gradient of the stream.
Xiao et al., (2007), while  investigating the effects of water depth and
sediment type on Vallisneria natans, a submersed macrophyte, showed that
water depth appears primarily to affect numerical increase in ramets (clone
weight, number of ramets, number of generations, clonal radius and stolon
length)  and spatial spread, whereas sediment type mainly affects biomass
accumulation and biomass allocation.
Ikegami et al.,( 2007) expressed in their studies that plants which are
clonal in nature altered their morphology in response to environmental factors
such as water depth, both at the level of individual ramets and at the level of
the clone (i.e. set of interconnected ramets). Such plastic responses may include
both alterations of allocations between the different parts of the clone (e.g.
spacer versus ramets) and modifications of clonal architecture (e.g. number and
length of stolons/rhizomes, spacer lengths, branching patterns, sequence of the
ramets).
Xiao et al., (2007) found that in case of submerged macrophyte
Vallisneria natans water depth affected the plant clonal growth significantly in
terms of clone weight, number of ramets, number of generations, clonal radius
and stolon length.  An optimal clonal growth of the plant was observed by the
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authors at water depths of 110-160 cm, while at greater depths clonal growth
was severely retarded.
Rather et al., (2007) reported decrease coverage of submergeds in Lake
Ahansar (Kashmir) to be mainly due to gradual shallowing of the lake basin
which in turn is the manifestation of land use practices in the catchment and the
sedimentation of the autochthonous dead growth of macrophytes. Kumar and
Pandit (2008) investigated the effect of water level fluctuations on distribution
of emergent vegetation in Hokarsar wetland (Kashmir) and reported that water
depth played an important role in the distribution and diversity of the emergent
macrophyte species. The authors recorded highest number of species during
late summer and autumn due to low water level which provides establishment
of many low growing species and thus increasing diversity.
Kumar et al., (2008), while studying the Phytosociology of submerged
macro-vegetation in Hokarsar wetland, Kashmir revealed that the distribution
of submerged vegetation is greatly influenced by turbidity and water depth. The
author further investigated that despite greater water transparency, almost all
through the year except in spring, most of the area of wetland remains covered
by rooted floating-leaf type vegetation. Thus, restricting the solar vegetation to
reach the submerged flora. However, the dominance of Ceratophyllum
demersum in the water body under such conditions is due to the fact of well
adaptation to low radiations.
Pandit et al., (2010), investigated the Phytosociology of macrophytes in
Mirgund, a shallow wetland of Kashmir, and reported overall 16 species of
macrophytes belonging to 13 families. The maximum density, abundance and
frequency among which were observed for Batrachium and Eleocharis
palustris respectively. In addition, they advocated that the hydrological
sequence of wetland is determined by the emergent vegetation as the water
level fluctuation paves the way to some opportunistic emergents to emerge on
newly created land masses within the wetland.
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Ganai et al., (2010), observed a positive correlation between nutrient
load (in the form of nitrogen and phosphorous) and concentration of various
biomolecules which results in the increased biomass of Nymphoides peltatum
in the anthropogenically impacted waters of Dal lake. The study also reflected
a decrease in biomass of the plant species from peak growth phase to
senescence phase.
Wersal and Madsen (2011) found that the total biomass of Myriophyllum
aquaticum at 0 cm was 96% greater than plants grown at a depth of 137 cm.
Biomass of emergent shoots, stolons and roots was also greater when M.
aquaticum was grown at the 0 cm water level. Submersed shoot biomass was
on average 99% greater between 37 and 77 cm as compared to the depths
above it. Total plant length was 25% greater when plants were grown at water
levels from 0 to 77 cm, compared with plants grown at 97, 117 or 137 cm.
According to Bhat (2012), light, depth and temperature are important
factors in determining morphology and distribution of macrophytic vegetation,
thereby influencing productivity and species composition as well. The author
further mentioned that the macrophytes of Tso Morari lake was restricted to
littoral zones only because of the fact that their distribution was regulated by
the depth rather than chemistry of water. However, in Manasbal lake
macrophyte species showed broad range of tolerances to different water and
sediment variables, but here also they were limited by water depth while
nutrient concentration had no effect on them.
Zhou and Wang (2012) investigated the effects of turion size and water
depth on the emergence and size of the submerged macrophyte Myriophyllum
oguraense in order to determine the underlying factors affecting its persistence
at early life-history stages. They proposed that turion size and water depth
played an important role in influencing the abundance and distribution of this
endemic plant.
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A review of the above literature reveals that not much work has been
undertaken in the field, particularly in the Indian subcontinent. Therefore the
present study was aimed to fill the gap in our knowledge about the free-floating
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he present study was carried out during April-November, 2011 in
three important lakes of Kashmir- the Dal, the Anchar and the
Manasbal- connected with the Jhelum river, an important component
of the Indus river system.
Dal Lake
The Dal Lake (34004′56″-34008’57″N and 74049′48″-74052′51″E) is
located at 1584m ASL about 2 km to the Northeast of Srinagar city. The lake,
having a total water surface area of 11.4 km2, is multi-basined with the
Hazratbal (Bod Dal), the Lokut Dal, the Gagribal and the Nigeen as its four
basins. The four basins of the lake differ in their area, volume and mean depth,
the Hazratbal basin being the largest and the Nigeen the smallest. The deepest
basin is the Nigeen with a maximum depth of 6 m and shallowest the Gagribal
(2.5m). The main sources of water to the lake are the two streams, one natural
(the Telbal Nalla) and the other man-made (Bod kol) on the northern side.
Besides, underground springs also contribute to the lake water.  The excess
water is drained off from the lake to Jhelum river via Tsunt Kol which leaves
the Gagribal basin at Dal gate. Also, some amount of water from the Nigeen
basin of the lake finds its way through Nalla Amir Khan to the Khushalsar lake.
Four sampling sites (DL1-DL4) were selected in the lake in such a manner as
to include all major habitats found in the water body (Fig. 3.1; Plate 3.1). The
geographical position of the study sites is given in Table 3.1.
Anchar Lake
The Anchar, a hyper-eutrophic lake, is about 14 km to the northwest of
summer capital Srinagar, at an altitude of 1584 m (a.m.s.l.) and with co-
ordinates of 34007′31″-34010′11″N latitude and 74046′23″-74048′00″E
longitude. The lake is mono-basined with surface area of 6.6 km2. Presently the
open water represents only about 1.69 km2, the remaining portion having been
transformed into a marshland due to increased human perturbations of the
ecosystem. The lake is receiving water in its northern side from the Sind stream
T
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and a channel from Khushalsar Lake on its southern side.  The excess water of
the lake flows through Shalabugh wetland into the Jhelum river. Four sampling
sites, A1-A4 were identified in the lake for the collection of the data (Table 3.1;
Fig. 3.2 and Plate 3.2).
Manasbal Lake
The lake Manasbal is the deepest fresh water Valley lake of Kashmir
situated 32 km northwest of the Srinagar city, at an altitude of about 1585m
(a.m.s.l.) within the geographical co-ordinates of 34014′40″-34015′22″N and
74039′10″-74041′20″E. The lake is oblong in outline covering an area of 2.80
km2 with the maximum depth of 12.5m (Yousuf, 1979). The lake has its own
source of water in the form of underground springs spread all over its basin. An
irrigation channel (Lar Kol) also contributes water to the lake, mainly during
May-September. An outflow channel, called Nunnyar Nalla, from western side
drains the excessive water out of the lake in to river Jhelum. The lake harbours
a wide variety of flora and fauna, besides luxuriant growth of submerged and
rooted floating leaf typed macrophytes, especially Nelumbo nucifera provides a
catchy look during August when its flowers are in full bloom. The lake is also
the only surviving repository of an important and endangered hydrophyte in the
valley, Euryale ferox.
Four study sites were also selected on the basis of depth and vegetation
in the lake for studying the distributional pattern of the selected macrophytes
(Fig. 3.3, Table 3.1 and Plate 3.3).
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Fig.3.1: Location of study sites (DL1-DL4) in Dal lake, Kashmir
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Fig.3.2: Location of study sites (A1-A4) in Anchar lake, Kashmir
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Table 3.1: Geographical co-ordinates of sites selected for collection of data in
three lakes
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Plate 3.1 Dal lake
Plate 3.2 Anchar lake
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he three selected lakes were surveyed for assessing the distribution
pattern of seven rooted floating leaf-type macrophyte species, viz.,
Nymphoides peltatum (Gmel.) O. Kuntze, Potamogeton natans L.,
Trapa natans L., Nelumbo nucifera Gaertn., Nymphaea alba L., Hydrocharis
dubia (Bl.) Backer and Euryale ferox Salisb., during April–November 2011
(Plate 4.1-4.7). The plant samples were collected during their peak growth
season for architectural analysis.
Architectural analysis
Terminology used by Wolfer (2004) was followed, according to which
‘plant’ is defined as a complete unit of ramets connected by stolons/rhizomes
originating from a single primary shoot. ‘Ramet’ is a single module of a clonal
plant, consisting of shoots, rhizome and roots. ‘Spacer length’ is the
stolon/rhizome length between two consecutive shoots of the same plant.
In order to analyse the growth architecture of the species, selected plants
were extracted from different range of depths viz., D1 (0-100cm), D2 (101-
200cm) and D3 (201-300cm) from all the four sites in each selected lake with a
rake having adjustable rods (Plate 4.1). The plant samples collected were
washed free of any debris and were then put in polybags, each species
separately. The morphological features studied include: number of ramets per
plant, mean spacer length, mean petiole length, mean inter-node distance, mean
shoot length, mean leaf length, mean leaf width, and mean number of flowers,
fruits and inflorescence spikes. The length of the traits was measured by
measuring scale (GK FML) having Mod. No.IND./09/00/189. (Verified by
Legal Metrology).
Number of ramets: These are the single modules of a clonal plant, comprising
of shoots (in case of P. natans and T. natans) or petioles (in case of N.
peltatum, N. nucifera, N. alba, H. dubia and E. ferox), rhizome and roots. A
plant produces different number of ramets at different water depth zones and
the same was enumerated for data analysis.
T
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Spacer length: It is the stolon/rhizome length between two consecutive
shoots/ramets of the same plant.
Shoot length: The plants namely P. natans and T. natans emerge from the
bottom to the surface of water by elongation of their shoots. The length of
shoot was calculated from the rhizome of plant to the leaf base of main stem.
Petiole length: The plant species viz., N. peltatum, N. nucifera, N. alba and E.
ferox have reduced stem, and thus produces petioles with leaves at their tips to
reach to the water surface for photosynthesis.  The petiole length of each plant
was measured from the bottom rhizome up to the leaf base.
Inter-node distance: It is the length between two consecutive nodes of shoots
and was calculated for only P. natans and T. natans.
Leaf length and width: The leaf length of N. peltatum, N. nucifera, N. alba, H.
dubia and E. ferox was considered from leaf lobe to the longest point while the
same was taken between leaf base (attached to petiole) and the tip of leaf in
case of P. natans and T. natans. However, the width of all the leaves was
measured at their widest points.
Flowers and fruits: All the plant species in different depth ranges were
counted for number of flowers and fruits at their peak growth for data analysis.
Materials and Methods
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Phytosociology
The phytosociological features of selected macrophytes were worked
out on monthly basis from April to November 2011. Quadrat method (Misra,
1968) was followed to study various community features of selected
macrophyte species. A wooden quadrat frame of 1m2 size was placed first in
D1(0-100cm) depth range followed by D2 (101-200cm) and D3 (201-300cm)
depth zones at the four selected sampling sites in each lake covering the entire
area of ecosystems. The depth was measured by a lead weight (1 kg) tied with a
nylon rope having knots at each metre. One petiole/shoot was considered as
one plant except Nymphoides peltatum in which three petioles were taken as
one plant (Zutshi, 1982). The plants which occurred in each quadrat were
sorted species wise and the number of individuals of each species was counted
for various community features (Misra, 1968).
Frequency
The frequency was determined by the formula:(%) = ℎ ℎ × 100
Density
The density was calculated by using following formula:( ./ ) =
Abundance
The abundance of the various species was determined by the formula:( ./ ) = ℎ ℎ
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Statistical Analysis
A univariate General Linear modeling procedure was used to test the
combined effects of site (lake) and water depth on various morphological traits
of the selected plant species. Tukey’s HSD test was run to determine statistical
significance between means. Differences were considered significant at P<
0.05. All statistical analyses were performed using SPSS 16.
Materials and Methods
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Plate 4.1 Nymphoides peltatum
Plate 4.2 Potamogeton natans
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Plate 4.3 Trapa natans
Plate 4.4 Nelumbo nucifera
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Plate 4.5 Nymphaea alba
Plate 4.6 Hydrocharis dubia
Materials and Methods
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Plate 4.7 Euryale ferox
Materials and Methods
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arious plant traits viz., number of ramets, mean spacer length, mean
petiole length, mean inter-node distance, mean shoot length, mean
leaf length, mean leaf width, and mean number of flowers and fruits
of studied aquatic plant species, namely Nymphoides peltatum, Potamogeton
natans, Trapa natans, Nelumbo nucifera, Nymphaea alba and Hydrocharis
dubia were recorded at three depths of 0-100 cm (D1),100-200 cm (D2) and
200-300 cm (D3) in the three lakes, viz., Manasbal, Dal and Anchar, of the
Kashmir valley. The results obtained for these traits are as follows.
NYMPHOIDES PELTATUM
 Number of ramets: The mean number of ramets in N. peltatum at
different depths in three different lakes is given in Table 5.1. Perusal of the data
reveals that the mean number of ramets per plant decreased with increasing
water depth in all the three lakes. The highest number (10) of ramets per plant
was observed in Dal and Anchar lakes at D1 depth and the lowest number (3)
of ramets per plant was noticed in Manasbal at depth D3. The number of
ramets among the lakes was significantly (F=8.029, p= 0.003) lower in
Manasbal lake (5.3±2.0) in comparison to Dal (7.1±2.9) and Anchar lake
(7.2±2.8) (Fig.5.1). However, the mean number of ramets was significantly
high (F= 55.412, p= 0.000) at D1 depth (9.4± 1.6) followed by D2 (6.3±1.4)
and D3 (3.8±1.0) (Fig. 5.2).
 Spacer length: The mean spacer length of the plant species shows a
proportional increase with increase in water depth in all the three lakes (Table
5.1). The maximum mean spacer length (21.02±1.2cm) was noticed in
Manasbal lake at D3 depth and least (15.6±0.3cm) was observed at D1 depth in
Anchar lake. Both site and depth have a significant effect (F= 7.138, p= 0.005;
F= 45.890, p= 0.000, respectively) on mean spacer length of N. peltatum (Table
5.2). However, the main effect of interaction between site and depth was
insignificant (F= 1.712, p= 0.191). The mean spacer length did not show any
significant difference among the lakes (Fig. 5.3). However, the mean spacer
V
Observations (Traits)
Department of Environmental Sciences 35
length was significantly high (19.5±1.5cm) at lower depths (D3) followed by
D2 (17.2±0.7cm) and least was recorded at D1 depth (16.0 ± 0.5cm)
irrespective of the lakes studied (Fig. 5.4).
 Petiole length: In all the three lake ecosystems mean petiole length of N.
peltatum elongates proportionately with water depth (Table 5.1). The
maximum mean petiole length (285.09±9.3cm) was observed at depth D3 in
Dal lake and minimum (80.57±13.4cm) at depth D1 of Manasbal lake.
However, the mean petiole length recorded at Dal lake (183.8± 93.1cm) was
significantly (F = 4.873, p = 0.020) higher than at Manasbal (151.8±73.1cm)
and Anchar lake (151.2±57.7cm) (Fig. 5.5). Further, the mean petiole length
showed significant variation (F= 94.663, p= 0.000) with respect to depth being
highest (246.5±32.3cm) at D3 depth and lowest (82.4±22.2cm) at D1 depth
(Fig. 5.6).
 Leaf length: The maximum length (10.83±0.76cm) of leaves was noticed
at D3 depth in Manasbal lake, while least value (7±0cm) for leaf length was
recorded at D1 depth in Dal lake (Table 5.1). The mean leaf length of N.
peltata plants was significantly higher (F= 8.526, p= 0.002) in Manasbal
(10.0±0.8 cm) than Dal (8.8±1.4cm) and Anchar (8.2±1.5cm) lakes (Table 5.2;
Fig. 5.7). Similarly, the mean leaf length recorded at D1 depth (7.8±1.1cm) was
significantly lower (F= 5.14, p= 0.017) when compared with D2 (9.2±1.5cm)
and D3 (9.3±1.4cm) depths (Fig. 5.8).
 Leaf width: The highest mean leaf width of 8.8±0.3 cm was noticed in
Manasbal lake at D3 depth and the minimum value of 5.5±0 cm was found at
D1 depth in Anchar lake (Table 5.1). The mean width of N. peltata leaves was
highest in Manasbal lake (8.4±0.4cm), while Dal (7.0±1.4cm) and Anchar
(6.8±1.5cm) lakes did not show any significant difference in mean leaf width
(Table 5.2; Fig. 5.9). However, when mean leaf width was compared with
respect to depth, significant difference (F= 4.131, p= 0.033) was observed only
between D1 (6.7±1.4cm) and D2 (8.0±1.4cm) depths (Fig. 5.10). D3 depth
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which was deepest in all the lakes did not show any significant variation with
either D1 or D2 depths.
 Number of flowers: The number of flowers per plant depicted a
decreasing pattern with increase in water depth in all the three lakes (Table
5.1). In Dal and Anchar lakes, the number of flowers per plant in N. peltatum
was almost same, but it was less in Manasbal lake. Both Dal and Anchar lakes
recorded highest mean number of flowers per plant (13±1) at D1 depth and
lowest number of flowers (1.6±1.5) was noticed in Manasbal lake at D3 depth.
Present study showed significant variation in mean number of flowers per plant
with respect to lakes (F= 9.909, p= 0.001) and depth (F= 51.909, p= 0.000)
(Table 5.2). However, in contrast to other traits the Manasbal lake (5.7±3.5)
recorded less number of flowers per plant than Dal (8.6±4.0) and Anchar
(8.9±3.8) lakes. Similarly, number of flowers per plant significantly decreased
from top (D1 depth: 11.8±2.2) to bottom (D3 depth: 3.7±3.9) (Fig. 5.11,5.12).
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Table 5.1 : Variability in traits (mean ± SD) of Nymphoides peltatum species in relation to different depths in three lakes of
Kashmir.
SITE (LAKE) DEPTH (cm) MNOR MSL MPL MLL MLW MNOF
MANASBAL
D1 (0-100) 7.6±1.1 16.3±0.5 80.6±13.4 9.3±0.1 7.5±0.1 9.3±1.5
D2 (101-200) 5±1 17.7±0.6 133.1±28.2 9.9±0.4 8.7±0.05 6±1
D3 (201-300) 3.3±0.6 21±1.2 242±9.2 10.8±0.7 8.8±0.3 1.6±1.5
DAL
D1 (0-100) 10.3±1.5 16.1±0.6 81.2±29.5 7±0 5.9±0.12 13±1
D2 (101-200) 6.6±1.5 17.2±0.9 185.2±51.1 8.9±2.2 7.7±1.5 8.6±1.5
D3 (201-300) 4.3±1.5 19.2±0.7 285.1±9.3 8.2±0.3 7.5±0.4 4±1
ANCHAR
D1 (0-100) 10.3±0.6 15.6±0.3 85.3±30 7±0.01 5.5±0 13±2
D2 (101-200) 7.3±0.6 16.9±0.6 156.1±15 8.7±1.9 7.5±2.2 8.3±3
D3 (201-300) 4±1 18.3±1.1 212.4±1.9 8.8±1.45 7.4±1.4 5.3±1.5
MNOR=Mean number of ramets, MSL=Mean spacer length (cm), MPL=Mean petiole length (cm), MLL=Mean leaf length (cm), MLW=Mean leaf width
(cm), MNOF=Mean number of flowers.( n= 3/ depth).
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Table 5.2:Statistical analysis of the effects of water depth and site on ramet number,
mean spacer length, mean petiole length, mean leaf length, mean leaf width






Squares Df Mean Square F Sig.
Ramet number Site 20.222 2 10.111 8.029 .003
Depth 139.556 2 69.778 55.412 .000
Site * Depth 4.222 4 1.056 .838 .519
Error 22.667 18 1.259
Mean spacer
length
Site 8.864 2 4.432 7.138 .005
Depth 56.984 2 28.492 45.890 .000
Site * Depth 4.251 4 1.063 1.712 .191
Error 11.176 18 .621
Mean petiole
length
Site 6252.110 2 3126.055 4.873 .020
Depth 121447.240 2 60723.620 94.663 .000
Site * Depth 5893.724 4 1473.431 2.297 .099
Error 11546.445 18 641.469
Mean leaf
length
Site 21.975 2 10.988 8.526 .002
Depth 13.264 2 6.632 5.146 .017
Site * Depth 2.505 4 .626 .486 .746
Error 23.197 18 1.289
Mean leaf
width
Site 12.802 2 6.401 6.226 .009
Depth 8.494 2 4.247 4.131 .033
Site * Depth 6.354 4 1.589 1.545 .232
Error 18.507 18 1.028
Mean number
of flowers
Site 56.519 2 28.259 9.909 .001
Depth 296.074 2 148.037 51.909 .000
Site * Depth 3.704 4 .926 .325 .858
Error 51.333 18 2.852
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Nymphoides peltatum
Fig.5.1. Mean number of ramets in N. peltatum across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5 2. Mean number of ramets in N. peltatum across different water depths. Error bars represent ±
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Fig.5.3. Mean spacer length in N. peltatum across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.4: Mean spacer length in N. peltatum across different water depths. Error bars represent ± SD.
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Fig.5.5. Mean petiole length in N. peltatum across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.6. Mean petiole length in N. peltatum across different water depths. Error bars represent ± SD.
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Fig.5.7 Mean leaf length in N. peltatum across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.8. Mean leaf length in N. peltatum across different water depths. Error bars represent ± SD. Bars
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Fig.5.9. Mean leaf width in N. peltatum across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.10. Mean leaf width in N. peltatum across different water depths. Error bars represent ± SD. Bars
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Fig.5.11. Mean number of flowers in N. peltatum across different lakes. Error bars represent ± SD.
Bars sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.12. Mean number of flowers in N. peltatum across different water depths. Error bars represent ±
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POTAMOGETON NATANS
 Number of ramets: The morphological characteristics of Potamogeton
natans in different lakes at different depths is depicted in Table 5.3. In P.
natans, the mean number of ramets per plant was noticed to be more in those
plants growing at lower (D1) depths in all the lakes. The highest (7±1) value
for the plant trait was recorded at D1 depth in both Dal and Anchar lakes, while
the minimum (1.7±0.6) value was observed at D3 depth in Manasbal lake. A
perusal of the data revealed that both site and depth have a significant effect
(F= 8.88, p= 0.00 and F= 54.76 p= 0.00) on number of ramets per plant (Table
5.4). However, main effect of interaction between site and depth did not
significantly influence the number of ramets (F= 1.38, p= 0.28). In case of
Manasbal site mean number of ramets per plant (4.1±1.9) was found to be
significantly lower when compared to Dal (5.1±1.7) and Anchar (5.6±1.8) sites
(Fig.13). However, with respect to depth the highest mean number of ramets
was recorded at D1 (6.5±0.9) depth followed by D2 (5.5±1.1) and the least was
at D3 (2.8±1.1) depth (Fig. 5.14).
 Spacer length: In all the three lakes the mean spacer length of the plant
increased with the increase in depth of water (Table 5.3). The maximum
(16.2±0.8cm) mean spacer length of the plant was found at D3 depth in
Manasbal lake, while the minimum value (10.1±0.3cm) for the plant character
was noticed at D1 depth in Dal lake. Both site (F= 32.86, p= 0.000) and depth
(F= 47.35, p= 0.00) showed significant difference in mean spacer length of P.
natans The mean spacer length in case of Manasbal lake (13.5±2.1cm) was
noticed to differ significantly from that in Dal (11.3±1.1cm) and Anchar
(11.8±1.1cm) lakes (Fig. 5.15). In respect of depth the mean spacer length of
the plant was highest at D3 depth (13.5±2.1cm) and lowest at D1 (10.7±0.7cm)
depth followed by D2 (12.3±0.8cm) depth (Fig. 5.16).
 Shoot length: Mean shoot length of P. natans showed a progressive
increase with increase in depth in all the water bodies. The maximum
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(245.83±32cm) mean shoot length was observed in Dal lake at D3 depth, while
as least value (56.13±1.2cm) for the plant trait was noticed at D1 depth in
Manasbal lake. Mean shoot length of the plant was significantly higher (F
=15.60, p = 0.000) in Dal Lake (163±78.1cm), while there was no significant
variation in mean shoot length between Manasbal (140.1±79.5cm) and Anchar
lakes (122.7±61.4cm) (Table 5.4). However, mean shoot length showed
significant variation (F =258.42, p= 0.000) with respect to depth, being highest
at D3 (227±27.5cm) depth followed by D2 (136.2±32.5cm) and
D1(62.6±6.6cm) depth (Fig. 5.17, 5.18).
 Inter-node distance: A consistent increase in mean inter-node distance
was noticed in all the three lake ecosystems with increase in depth of water.
The maximum (12.34±0.84cm) mean inter-node distance was recorded at D3
depth in Dal lake and minimum (8.73±0.25cm) at D1 in Anchar lake (Table
5.3). Furthermore, overall mean inter-node distance in Anchar lake
(10.2±1.3cm) was significantly lower (F =5.94, p = 0.01) than in Dal
(11.3±1cm) and Manasbal (11.2±1.1cm) lakes [(Table 5.4; Fig.19). There was
also a significant difference (F =22.73, p= 0.00) in mean inter-node distance
with respect to depth. The mean inter-node length increased in the order D1
(9.6±1cm) < D2 (11±1cm) < D3 (11.9±1cm) (Fig. 5.20).
 Leaf length and width: The highest mean leaf length (11±0.5cm) was
noticed at D2 depth in Manasbal lake, while the minimum (9.5±1cm) was
found at D1 depth in Dal lake. The maximum leaf width was found at D3 depth
(4.5±0.1cm) in Manasbal lake and the minimum at D1 depth (3.8±0.2cm) in
Anchar lake (Table 5.3). With respect to lakes, the overall mean leaf length in
P. natans was significantly higher (F=10.42, p = 0.00) in Manasbal lake
(10.9±0.3cm) than other lakes, while the mean leaf width did not show any
significant difference between the lakes (Table 5.4; Fig. 5.21, 5.22). However,
both mean leaf length and width showed significant difference only between
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D1 (9.9±1cm, LL; 4±0.3cm, LW) and D3 (10.6±0.4cm, LL; 4.4±0cm, LW)
depths (Fig. 5.23, 5.24).
 Number of inflorescence spikes: In all the three lakes a decreasing
trend was observed in the number of inflorescence spikes per plant with
increase in depth. The maximum number (6.33±1.5) of inflorescence spikes per
plant was noticed at D1 depth in Dal lake, while the minimum (2.33±0.6) was
recorded at D3 in Lake Manasbal (Table 5.3). The number of inflorescence
spikes per plant was significantly lower (F=6.10, p = 0.01) at Manasbal lake
(3.5±1) in comparison to the other lakes (Table 5.4; Fig. 5.25). Similarly, the
number of inflorescence spikes per plant was significantly lower (F =17.50, p=
0.00) at depth D3 (2.9±1) when compared with D1 (5.6±1) and D2 (5.1±1)
depths (Fig. 5.26).
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Table 5.3: Variability in traits (mean ± SD) of Potamogeton natans species in relation to different depths in three lakes of
Kashmir.
SITE (LAKE) DEPTH (cm) MNOR MSL MSHL MINTD MLL MLW MNOIFS
MANASBAL
D1(0-100) 5.6±0.6 11.6±0.3 56.1±1.2 9.9±0.3 10.7±0.2 4.1±0.1 4.6±1.1
D2 (101-200) 5±1 12.6±0.1 127.3±20.5 11.5±1.1 11±0.5 4.4±0.2 3.6±1.1
D3 (201-300) 1.6±0.6 16.2±0.8 236.9±1.7 12±0.1 10.9±0.2 4.5±0.1 2.3±0.6
DAL
D1 (0-100) 7±1 10.1±0.3 70.6±2 10.3±0.6 9.5±1 3.9±0.5 6.3±1.5
D2 (101-200) 5±1 11.5±0.8 172.6±10.7 11.2±0.8 10.1±0.6 4.1±0.4 5.6±1.5
D3 (201-300) 3.3±0.6 12.2±0.8 245.8±32 12.3±0.8 10.2±0.3 4.3±0.3 3.3±0.6
ANCHAR
D1 (0-100) 7±0 10.5±0.2 61.1±2.8 8.7±0.2 9.6±0.3 3.8±0.2 6±1
D2 (101-200) 6.6±0.6 12.8±0.9 108.6±21 10.4±0.9 9.9±0.2 4.1±0.1 6±1
D3 (201-300) 3.3±1.1 12±0.3 198.3±7.6 11.5±0.9 10.6±0.3 4.5±0.3 3±1
MNOR=Mean number of ramets, MSL=Mean spacer length (cm), MSHL=Mean shoot length (cm), MINTD=Mean inter-node distance (cm), MLL=Mean
leaf length (cm), MLW=Mean leaf width (cm), MNOIFS=Mean number of inflorescence spikes. (n= 3/depth).
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Table 5.4: Statistical analysis of the effects of water depth and site on number of
ramets, mean spacer length, mean shoot length, mean inter-node distance,
mean leaf length, mean leaf width and mean number of inflorescence
spikes in Potamogeton natans species.
Dependent







Site 11.19 2 5.59 8.88 0.00
Depth 68.96 2 34.48 54.76 0.00
Site * Depth 3.48 4 0.87 1.38 0.28
Error 11.333 18 0.63
Mean spacer
length
Site 24.12 2 12.06 32.86 0.00
Depth 34.75 2 17.38 47.35 0.00
Site * Depth 16.61 4 4.15 11.32 0.00
Error 6.605 18 0.367
Mean shoot
length
Site 7366.06 2 3683.03 15.60 0.00
Depth 122036.30 2 61018.15 258.42 0.00
Site * Depth 3285.72 4 821.43 3.48 0.03




Site 6.32 2 3.16 5.94 0.01
Depth 24.18 2 12.09 22.73 0.00
Site * Depth 1.09 4 0.27 0.51 0.73
Error 9.573 18 0.532
Mean leaf
length
Site 4.70 2 2.35 10.42 0.00
Depth 1.99 2 1.00 4.42 0.03
Site * Depth 0.66 4 0.16 0.73 0.58
Error 4.0572 18 0.225
Mean leaf
width
Site 0.38 2 0.19 2.22 0.14
Depth 1.16 2 0.58 6.77 0.01
Site * Depth 0.12 4 0.03 0.34 0.84





Site 13.56 2 6.78 6.10 0.01
Depth 38.89 2 19.44 17.50 0.00
Site * Depth 2.22 4 0.56 0.50 0.74
Error 20 18 1.111
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Potamogeton natans
Fig.5.13. Mean number of ramets in P. natans across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.14. Mean number of ramets in P. natans across different water depths. Error bars represent ± SD.
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Fig.5.15. Mean spacer length in P. natans across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.16. Mean spacer length in P. natans across different water depths. Error bars represent ± SD.
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Fig.5.17. Mean shoot length in P. natans across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.18. Mean shoot length in P. natans across different water depths. Error bars represent ± SD. Bars
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Fig.5.19. Mean inter-node distance in P.natans across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.20. Mean inter-node distance in P. natans across different water depths. Error bars represent ±
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Fig.5.21. Mean leaf length in P. natans across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.22. Mean leaf length in P.natans across different water depths. Error bars represent ± SD. Bars
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Fig.5.23. Mean leaf width in P. natans across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.24. Mean leaf width in P. natans across different water depths. Error bars represent ± SD. Bars
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Fig.5.25. Mean number of inflorescence spikes in P. natans across different lakes. Error bars represent
± SD. Bars sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.26. Mean number of inflorescence spikes in P. natans across different water depths. Error bars
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TRAPA NATANS
 Number of ramets: The morphological characteristics of Trapa natans
in different lakes at different depths is depicted in Table 5.5. The number of
ramets per plant at all the study sites increased from low depth (0-100 cm) to
high depth (201-300 cm). The maximum number of 7.3±0.6 ramets per plant
was recorded at D3 depth in Manasbal lake, while minimum number of 4.3±0.6
ramets was noticed at depth D1 in Anchar lake. However, there was no
significant variation in mean number of ramets between the lakes. With respect
to depth, mean number of ramets were significantly higher (F =3.63, p= 0.05)
at D3 (6.2±1) depth when compared with D1 (4.9±1) depth. On the other hand,
D2 (5.4±1) depth did not show any significant variation in mean number of
ramets with both D1 and D3 depths (Table 5.6).
 Spacer length: The largest mean spacer length (15±1.1cm) was
registered at D2 depth in Dal lake, while smallest (13±0.6cm) was noticed at
D3 depth in lake Manasbal (Table 5.5). Similarly, the mean spacer length was
maximum at Dal lake (14.6±1cm) followed by Anchar (14.5±1cm) and
Manasbal lake (13.7±1cm). With respect to depth, D2 (100-200m) has
maximum (14.7±1cm) mean spacer length followed by D1(14.3±1cm) and D3
depths (13.9±1cm). However, difference in mean spacer length either with
respect to depth (F =2.31, p= 0.13) or lakes (F =3.62, p = 0.057) was not
significant (Table.5.6).
 Shoot length: Mean shoot length of T. natans showed a progressive
increase with increase in depth in all the lakes. The maximum (220.87±8.5cm)
mean shoot length was observed in Manasbal lake at D3 depth, while least
value (58.88±1cm) for the plant trait was noticed at D1 depth in Anchar lake
(Table 5.5). Moreover, only depth was noticed to have a significant influence
(F =97.90; p = 0.00) on the mean shoot length of the plants (Table 5.6). The
mean shoot length was highest at D3 depth (209.3±11cm) followed by D2
(140±13.5cm) and least was recorded at D1 (72.6±13cm) depth. The mean
Observations (Traits)
Department of Environmental Sciences 58
shoot length did not show any significant variation with respect to lakes,
although highest values were recorded in Manasbal lake (147±59cm) and
lowest in Anchar (133±69cm) lake (Fig. 5.32).
 Mean inter-node distance: An increase in mean inter-node distance in
T. natans was observed in all the lake ecosystems with increase in depth of
water. The maximum mean inter-node distance (13.4±0.9cm) was recorded at
D3 depth in Manasbal lake and minimum (10.8±0.5cm) was found in Dal lake
at D1 depth (Table 5.5). However, mean inter-node length of plants recorded in
Manasbal (12±1cm), Dal (11.9±1cm) and Anchar (12.5±1cm) lakes did not
show any significant difference. The mean inter-node distance showed
significant (F =11.60, p = 0.00) difference with depth being highest at D3
(13.5±1cm) depth than D1 (11±1cm) and D2 (11.8±1cm) depths (Table 5.6).
 Leaf length and width: The maximum length (4.5±0.4cm) and width
(5.9±0.1cm) of leaves was recorded at depth D3 in Manasbal and Anchar lakes,
while minimum length and width was found at depth D1 in Dal (4.1±0.1cm)
and Manasbal (5±0.2cm) lakes respectively (Table 5.5). Although, there was no
significant difference in mean leaf length with respect to lakes and depth, mean
leaf width was significantly high (F =7.69, p = 0.02) in Anchar lake (5.7±0cm)
when compared to other lakes (Table 5.6; Fig. 5.37). Further, a significant
difference (F =4.80, p= 0.00) was noticed in the mean leaf width of the plants
between low (5.2±0cm) depth (D1) and high (5.7±0.4cm) depth (D3) only (Fig.
5.38).
 Number of fruits: The number of fruits per plant depicted an increasing
trend with increase in depth in the lakes. (Table 5.5). The maximum number of
7.3±0.6 fruits per plant was found at D3 depth in Manasbal lake, while
minimum number of 4.3±0.6 fruits was recorded at D1 depth in both Manasbal
and Dal lake. Although there was no significant variation in number of fruits
per plant with respect to lakes, but shallow depth D1 (4.4±0.5) has significantly
lower (F =14.39, p = 0.00) number of fruits per plant than D2 (6±1) and D3
(6.4±1) depths (Table 5.6: Fig. 5.40).
Observations (Traits)
Department of Environmental Sciences 59
Table 5.5: Variability in traits (mean ± SD) of Trapa natans species in relation to different depths in three lakes of Kashmir.
SITE (LAKE) DEPTH (cm) MNOR MSL MSHL MINTD MLL MLW MNOFr
MANASBAL
D1(0-100) 5±1 13.7±0.4 88.7±3.6 11.3±1 4.1±0.02 5±0.2 4.3±0.6
D2 (101-200) 5.6±1.15 14.5±0.3 131.6±16.1 11.4±1 4.2±0.08 5.1±0.1 5.3±0.6
D3 (201-300) 7.3±0.6 13±0.6 220.9±8.5 13.4±0.9 4.5±0.4 5.6±0.3 7.3±0.6
DAL
D1 (0-100) 5.3±0.6 14.3±1 70.3±2.9 10.8±0.5 4.1±0.1 5.1±0.4 4.3±0.6
D2 (101-200) 5.6±1.5 15±1.1 151.6±9 11.5±0.6 4.1±0.1 5±0.6 5.6±1.15
D3 (201-300) 6.3±1.5 14.5±0.9 203.9±8 13.4±2.1 4.2±0.1 5.6±0.6 6.6±1.5
ANCHAR
D1 (0-100) 4.3±0.6 14.9±0.2 58.9±1 11.2±0.9 4.1±0.1 5.5±0.1 4.6±0.6
D2 (101-200) 5±1 14.6±1.3 137.3±57 12.5±1.2 4.2±0.1 5.9±0.1 6.6±0.6
D3 (201-300) 5±1 14.2±0.1 203.1±6.6 13.1±0.4 4.3±0.1 5.8±0.1 5.3±0.6
MNOR=Mean number of ramets, MSL=Mean spacer length (cm), MSHL=Mean shoot length (cm), MINTD=Mean inter-node distance (cm), MLL=Mean
leaf length (cm), MLW=Mean leaf width (cm), MNOFr=Mean number of fruits. (n= 3/depth).
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Table 5.6: Statistical analysis of the effects of water depth and site on number of
ramets, mean spacer length, mean shoot length, mean inter-node distance,
mean leaf length, mean leaf width and mean number of fruits in Trapa
natans species.
Dependent







Site 7.63 2 3.81 3.43 0.05
Depth 8.07 2 4.04 3.63 0.05
Site *
Depth
3.04 4 0.76 0.68 0.61




Site 4.44 2 2.22 3.62 0.05
Depth 2.83 2 1.42 2.31 0.13
Site *
Depth
1.83 4 0.46 0.74 0.58




Site 899.60 2 449.80 1.05 0.37
Depth 84101.32 2 42050.66 97.90 0.00
Site *
Depth
1698.93 4 424.73 0.99 0.44




Site 1.76 2 0.88 0.74 0.49
Depth 27.58 2 13.79 11.60 0.00
Site *
Depth
1.22 4 0.30 0.26 0.90
Error 21.392 18 1.188
Mean leaf
length
Site 0.08 2 0.04 1.49 0.25
Depth 0.20 2 0.10 3.48 0.05
Site *
Depth
0.14 4 0.03 1.21 0.34
Error 0.505 18 0.028
Mean leaf
width
Site 1.81 2 0.90 7.69 0.00
Depth 1.13 2 0.56 4.80 0.02
Site *
Depth
0.36 4 0.09 0.76 0.56




Site 0.07 2 0.04 0.06 0.95
Depth 19.19 2 9.59 14.39 0.00
Site *
Depth
9.26 4 2.31 3.47 0.03
Error 12 18 0.666
Observations (Traits)
Department of Environmental Sciences 61
Trapa natans
Fig.5.27. Mean number of ramets in T. natans across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.28. Mean number of ramets in T. natans across different water depths. Error bars represent ± SD.
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Fig. 5.29. Mean spacer length in T. natans across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.30. Mean spacer length in T. natans across different water depths. Error bars represent ± SD. Bars
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Fig.5.31. Mean shoot length in T. natans across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.32. Mean shoot length in T. natans across different water depths. Error bars represent ± SD. Bars
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Fig.5.33. Mean inter-node distance in T. natans across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.34. Mean inter-node distance in T. natans across different water depths. Error bars represent ±
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Fig.5.35. Mean leaf length in T. natans across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.36. Mean leaf length in T. natans across different water depths. Error bars represent ± SD. Bars
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Fig.5.37. Mean leaf width in T. natans across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.38. Mean leaf width in T. natans across different water depths. Error bars represent ± SD. Bars
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Fig.5.39. Mean number of fruits in T. natans across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.40. Mean number of fruits in T. natans across different water depths. Error bars represent ± SD.
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NELUMBO NUCIFERA
 Number of ramets: The number of ramets in N. nucifera at different
depths and various selected sites is given in Table 5.7. The highest (3±0)
number of ramets per plant was observed in Anchar lake at D1 depth and
lowest value (1±0) for the trait was found in Manasbal lake at D3 depth. The
mean number of ramets was observed to be significantly (F =47.40, p = 0.00)
influenced by the water depth being significantly lower at D3 (0.8±0.6) depth
in comparison to D1 (2.6±0.5) and D2 (2.2±0.4) depths. However, the plant
trait did not show any significant variation in mean number of ramets among
the lakes (Fig. 5.42). It may be mentioned here that N. nucifera was not
recorded at D3 depth in Anchar lake.
 Spacer length: The mean spacer length fluctuated from a maximum of
28.3±5.1cm (D3) to a minimum of 19.6±0.5cm (D1) in Manasbal and Anchar
lakes respectively (Table 5.7). The effect of site and depth on mean spacer
length was found to be highly significant (F= 63.56, p= 0.00 and F= 6.58, p=
0.01) and the same was true about their interaction (F= 60.21, p= 0.00).
However, the difference was found only in Anchar lake (13.4±10cm) which
recorded lowest mean spacer length than Dal (21.2±2cm) and Manasbal
(23±4cm) lakes (Fig. 5.43). Similarly, with respect to depth, the plant mean
spacer length was significantly lower at D3 (17±13cm) depth when compared
to the other two depth ranges D1 (20±1cm) and D2 (20.3±1cm) (Fig. 5.44).
 Petiole length: The maximum mean petiole length (236.3±1.3cm) was
observed at D3 depth in Dal lake, while D1 depth of Anchar lake registered
lowest (93.66±24.6cm) mean petiole length (Table 5.7). There is significant
variation in mean petiole length with respect to lakes (F= 195.86, p= 0.00) and
depth (F= 67.47, p= 0.00) and also by main effects of their interaction (F=
100.83, p= 0.00) (Table 5.8). The highest mean petiole length was found at Dal
lake (192±47cm) followed by Manasbal lake (164.3±50cm) and least
(85±71cm) was recorded at Anchar lake. On the other hand, with respect to
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depth the maximum petiole length was found at D2 (176.2±26cm) depth
followed by D3 (153±115cm) and D1 (112±20cm). (Fig. 5.45, 5.46).
 Leaf length and width: The mean leaf length and width of N. nucifera
leaves found in Manasbal lake was comparatively larger than Dal and Anchar
lakes. The largest length (27.56±4.6cm) of leaves was found at D3 depth in
Manasbal lake, while lowest value (19.15±0.5cm) for the leaf length was
noticed at D1 depth in Dal lake (Table 5.7). Both mean leaf length and width
showed significant variation with respect to lakes (F= 93.07, p= 0.00) and
depth (F= 12.26, p= 0.00) (Table 5.8). Anchar lake has significantly lower
(13±9cm) leaf length and width (14±10cm) than Dal and Manasbal lakes. In the
same way, both leaf length and width showed significantly higher values at D2
depth (21±2cm,LL; 24±3cm,LW) when compared with D3 (17±13cm,LL;
20±15cm,LW) and D1 (20±1cm, LL; 21.5±1cm, LW) depths (Fig. 5.47, 5.48).
 Number of flowers: The number of flowers per plant almost showed a
decreasing trend with depth in all the lakes as shown in Table 5.7. Highest
numbers of flowers were recorded at lower depths (D1) in both Dal (1±1) and
Anchar (1±0) lakes and lowest (0.3±0.6) was observed at D3 depth in
Manasbal lake (Table 5.7). The mean number of flowers per plant did not show
any significant difference (F= 0.12, p= 0.88) among the lakes. However, with
respect to depth the mean number of flowers were significantly higher (F=
3.88, p= 0.04) at lower (1±1) depths (D1) when compared to D3 (0.2±0.4)
depth (Fig. 5.52).
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Table 5.7: Variability in traits (mean ± SD) of Nelumbo nucifera species in relation to different depths in three lakes of
Kashmir.
SITE (LAKE) DEPTH (cm) MNOR MSL MPL MLL MLW MNOF
MANASBAL
D1(0-100) 2.3±0.6 20.8±0.15 110.5±1.5 21.2±0.9 23.2±0.76 0.7±0.6
D2 (101-200) 2.3±0.6 20.2±0.7 159.3±22 23.2±1 24.8±3.6 1±0
D3 (201-300) 1±0 28.3±5.1 223±10.8 27.5±4.6 31.5±3.9 0.3±0.6
DAL
D1 (0-100) 2.6±0.6 19.6±0.07 131.6±5.2 19.2±0.5 20.6±0.35 1±1
D2 (101-200) 2.3±0.6 20.3±0.15 207.8±4.1 20.2±1.4 26.3±0.7 0.7±0.6
D3 (201-300) 1.3±0.6 23.6±1.85 236.3±1.3 23.5±1 29±2 0.3±0.6
ANCHAR D1 (0-100) 3±0 19.6±0.5 93.6±24.6 19.5±1 20.8±1.2 1±0
D2 (101-200) 2±0 20.5±1.8 161.5±1.5 19.6±0.4 21.8±0.8 0.7±0.6
MNOR=Mean number of ramets, MSL=Mean spacer length (cm), MPL=Mean petiole length (cm), MLL= Mean leaf length (cm), MLW=Mean leaf width
(cm), MNOF=Mean number of flowers. (n= 3/depth).
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Table 5.8: Statistical analysis of the effects of water depth and site on ramet number,
mean spacer length, mean petiole length, mean leaf length, mean leaf
width and number of flower in Nelumbo nucifera species.
Dependent
Variable Source  ofvariation
Sum of
Squares df Mean Square F Sig.
Number of
ramets
Site 0.89 2 0.44 2.40 0.12
Depth 17.56 2 8.78 47.40 0.00
Site * Depth 2.89 4 0.72 3.90 0.02




Site 478.96 2 239.48 63.56 0.00
Depth 49.57 2 24.78 6.58 0.01
Site * Depth 907.50 4 226.88 60.21 0.00




Site 55391.55 2 27695.77 195.86 0.00
Depth 19080.15 2 9540.07 67.47 0.00
Site * Depth 57031.14 4 14257.79 100.83 0.00
Error 2545.326 18 141.407
Mean leaf
length
Site 573.77 2 286.89 93.07 0.00
Depth 75.57 2 37.79 12.26 0.00
Site * Depth 783.87 4 195.97 63.58 0.00
Error 55.481 18 3.082
Mean leaf
width
Site 827.09 2 413.55 104.12 0.00
Depth 81.99 2 40.99 10.32 0.00
Site * Depth 1056.22 4 264.06 66.49 0.00




Site 0.07 2 0.04 0.12 0.88
Depth 2.30 2 1.15 3.88 0.04
Site * Depth 0.59 4 0.15 0.50 0.74
Error 5.333 18 0.296
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NELUMBO NUCIFERA
Fig.5.41. Mean number of ramets in N. nucifera across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.42. Mean number of ramets in N. nucifera across different water depths. Error bars represent ±
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Fig.5.43. Mean spacer length in N. nucifera across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.44. Mean spacer length in N. nucifera across different water depths. Error bars represent ± SD.











































Department of Environmental Sciences 74
Fig.5.45. Mean petiole length in N. nucifera across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.46. Mean petiole length in N. nucifera across different water depths. Error bars represent ± SD.
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Fig.5.47. Mean leaf length in N. nucifera across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.48. Mean leaf length in N. nucifera across different water depths. Error bars represent ± SD. Bars
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Fig.5.49. Mean leaf width in N. nucifera across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.50. Mean leaf width in N. nucifera across different water depths. Error bars represent ± SD. Bars
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Fig.5.51. Mean number of flowers in N. nucifera across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.52. Mean number of flowers in N. nucifera across different water depths. Error bars represent ±
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NYMPHAEA ALBA
 Petiole length: The variation in different morphological traits of
Nymphaea alba is given in Table 5.9. The mean petiole length of plant species
showed a proportional increase with increase in depth (Table.5.10). The
maximum value of 271.6±1.7cm for the trait was noticed at D3 depth in Dal
lake, whereas minimum value of 71.4±3.8cm mean petiole length occurred at
D1 depth in Anchar lake. Similarly, the mean petiole length showed
significant variation with respect to site (F= 130.92, p= 0.00) and depth (F=
470.58, p= 0.00) and also by their interaction (F= 45.49, p= 0.00) (Table
5.10). The mean petiole length decreased in the following order, Dal
(172±87cm) > Anchar (158.5±70cm) > Manasbal (103±24cm) with respect to
lakes and D3 (211±63cm) > D2 (150±32cm) > D1 (72±14cm) with respect to
depth.
 Rhizome length: The plant rhizome length was observed to be
maximum (36.23±1.2cm) at D3 depth in Dal lake and minimum (18.73±1.1cm)
at D1 depth in Manasbal lake. Mean rhizome length of N. alba was
significantly higher (F= 117.83, p= 0.00) in Dal lake (31±6cm) followed by
Anchar (25±1cm) and Manasbal lake (19.5±2cm) (Table 5.10).  However, with
respect to depth only D1 (22±3cm) showed significant variation (F= 33.52, p=
0.00) in mean rhizome length when compared to D2 (26±7cm) and D3
(28±7cm) depths (Fig. 5.56).
 Leaf length and width: The size of leaves of N. alba in Dal lake was
significantly higher than the plant leaves of Anchar and Manasbal lake.
However, maximum value (18.6±0.3cm) for the mean leaf length was noticed
at depth D2 in Anchar lake followed by Dal (18.2±0.3cm) at D3 depth and the
minimum value (14.9±0.4cm) was observed at depth D1 in Manasbal lake.
Similarly, maximum (21.26±0.75cm) mean leaf width was recorded at D3 in
Dal lake and least (13.28±0.25cm) at depth D1 in Manasbal lake (Table 5.9).
Both mean leaf length and width showed significant difference with respect to
Observations (Traits)
Department of Environmental Sciences 79
lakes and depth, however the difference was observed only between D1
(16.5±1cm, LL; 16±3cm,LW) and D3 (18±1cm, LL; 17.5±3cm, LW) depth.
Similarly, Manasbal lake has significantly lower (15.6±1cm) mean leaf length
and width (13.8±1cm) than other lakes (Table 5.10).
 Number of flowers and fruits: The number of flowers and fruits of the
plant species showed a decreasing trend with increase in depth at each site
(Table 5.9). The maximum number of flowers (3.7±0.6) and fruits (4±1) were
observed at D1 depth in Dal lake, while minimum values for flowers (2±0) and
fruits (2±0) were noticed at D3 depth of Manasbal lake. However, there was no
significant difference in number of flowers and fruits per plant between the
lakes. On the other hand, both number of flowers (F= 4.69, p= 0.02) and fruits
(F= 7.50, p= 0.00) showed significant variation with respect to depth, however,
the difference was observed only between D1 (3.4±1,Fl; 3.3±1, Fr) and D3
(2.4±0.5,Fl; 2.2±0.4, Fr) depths (Fig. 5.62, 5.64).
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Table 5.9: Variability in traits (mean ± SD) of Nymphaea alba species in relation to different depths in three lakes of Kashmir.
SITE (LAKE) DEPTH (cm) MPL MRhmL MLL MLW MNOF MNOFr
MANASBAL
D1 (0-100) 73.2±1.7 18.7±1.1 14.9±0.4 13.3±0.25 3.6±0.6 3±0
D2 (101-200) 106.4±0.5 18.8±3.2 15.5±0.5 13.9±0.3 3±1 2.6±0.6
D3 (201-300) 129.3±1.7 21.2±1.2 16.5±0 14.5±0 2±0 2±0
DAL
D1 (0-100) 72.5±27.7 23.3±2 17.3±0.7 19.3±0.95 3.6±0.6 4±1
D2 (101-200) 172.6±3.6 34±1 18±0 20.7±0.25 3±0 2.6±0.6
D3 (201-300) 271.6±1.7 36.2±1.2 18.23±0.25 21.3±0.75 2.6±0.6 2±0
ANCHAR
D1 (0-100) 71.4±3.8 24.7±0.3 17.3±0.7 15.7±0.25 3±1 3±0
D2 (101-200) 171.6±0.98 26.5±1.25 17.8±1.4 15.8±1 3±1 3±1
D3 (201-300) 232.6±5 27.5±1.2 18.6±0.3 16.7±0.7 2.6±0.6 2.3±0.6
MPL=Mean petiole length (cm), MRhmL=Mean rhizome length (cm), MLL=Mean leaf length (cm), MLW=Mean leaf width (cm), MNOF=Mean number of
flowers, MNOFr=Mean number of fruit. (n= 3/depth).
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Table 5.10: Statistical analysis of the effects of water depth and site on mean petiole
length, mean rhizome length, mean leaf length, mean leaf width, mean
number of flower and mean number of fruits in Nymphaea alba species.
Dependent







Site 24237.72 2 12118.86 130.92 0.00
Depth 87117.77 2 43558.89 470.58 0.00
Site *
Depth
16842.74 4 4210.69 45.49 0.00
Error 1666.144 18 92.563
Mean rhizome
length
Site 611.48 2 305.74 117.83 0.00
Depth 173.94 2 86.97 33.52 0.00
Site *
Depth
135.31 4 33.83 13.04 0.00
Error 46.706 18 2.594
Mean leaf
length
Site 30.70 2 15.35 37.51 0.00
Depth 7.49 2 3.74 9.15 0.00
Site *
Depth
0.59 4 0.15 0.36 0.83
Error 7.366 18 0.409
Mean leaf
width
Site 199.58 2 99.79 270.67 0.00
Depth 8.89 2 4.45 12.06 0.00
Site *
Depth
1.49 4 0.37 1.01 0.43
Error 6.636 18 0.368
Mean number
of flowers
Site 0.30 2 0.15 0.31 0.74
Depth 4.52 2 2.26 4.69 0.02
Site *
Depth
1.48 4 0.37 0.77 0.56
Error 8.666 18 0.481
Mean number
of fruits
Site 0.22 2 0.11 0.30 0.74
Depth 5.56 2 2.78 7.50 0.00
Site *
Depth
2.22 4 0.56 1.50 0.24
Error 6.666 18 0.37
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Nymphaea alba
Fig.5.53. Mean petiole length in N. alba across different lakes. Error bars represent ± SD. Bars sharing
the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.54. Mean petiole length in N. alba across different water depths. Error bars represent ± SD. Bars
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Fig.5.55. Mean rhizome length in N. alba across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.56. Mean rhizome length in N. alba across different water depths. Error bars represent ± SD. Bars
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Fig.5.57. Mean leaf length in N. alba across different lakes. Error bars represent ± SD. Bars sharing the
same letter are not significantly different using Tukey’s HSD-test.
Fig.5.58. Mean leaf length in N. alba across different water depths. Error bars represent ± SD. Bars
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Fig.5.59. Mean leaf width length in N. alba across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.60. Mean leaf width in N. alba across different water depths. Error bars represent ± SD. Bars
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Fig.5.61. Mean number of flowers in N. alba across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.62. Mean number of flowers in N. alba across different water depths. Error bars represent ± SD.
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Fig.5.63. Mean number of fruits in N. alba across different lakes. Error bars represent ± SD. Bars
sharing the same letter are not significantly different using Tukey’s HSD-test.
Fig.5.64. Mean number of fruits in N. alba across different water depths. Error bars represent ± SD.
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The plant species Hydrocharis dubia and Euryale ferox were excluded
from data comparison with other plant species. This is because of the fact that
H. dubia was not noticed at D3 (201-300cm) depth zone in all the lakes, while
the E. ferox was present in Manasbal lake only.
The variation in morphological features of H. dubia in relation to D1
and D2 depth ranges is depicted in Table 5.11. Maximum number (5±1) of
ramets per plant was observed at depth D2 in each Dal and Anchar lake while
least value (3.6±0.6) for the trait was noticed at D1 depth in Anchar lake. The
mean spacer length of the plant was higher (15.35±0.9cm) in Manasbal at depth
D2 and the small value (12.43±1.15cm) for the plant feature was recorded at
D2 depth in Anchar lake. Size of the leaves was observed to be slightly larger
in Dal and Anchar lakes when compared with the plant leaves in Manasbal
lake. Further, the plant bore minimum number of flowers in Manasbal than
other two lakes.
The mean petiole length of E. ferox showed an increase in length with
increase in depth of water. Maximum petiole length (120.35±3.04cm) was
noticed at D2 depth and minimum (85.2±3.1cm) at D1 depth. Similarly root
length showed a slight increase of 1cm at D2 depth. However, plant leaves and
number of fruits depicted a small decrease with increase in water depth (Table
5.12).
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Table 5.11: Variability in traits (mean ± SD) of Hydrocharis dubia species in relation to different depths in three lakes of
Kashmir.
SITE (LAKE)
Depth (cm) MNOR MSL MLL MLW MNOF
MANASBAL D1 (0-100) 4.33±0.6 15.27±0.5 4.06±0.11 3.3±0.1 2.33±0.6
D2 (101-200) 4±0 15.35±0.9 4.46±0.05 3.43±0.06 3.33±0.6
DAL D1 (0-100) 4.33±0.6 14.2±0.6 5.16±0.3 4.06±0.11 3.66±0.6
D2 (101-200) 5±1 13.1±0.55 5.46±0.5 4.13±0.11 4.33±0.6
ANCHAR D1 (0-100) 3.6±0.6 13.24±0.4 5.63±0.3 3.7±0.26 3.33±0.6
D2 (101-200) 5±1 12.43±1.15 5.4±0.1 3.43±0.11 4.33±0.6
MNOR=Mean number of ramets, MSL=Mean spacer length (cm), MLL=Mean leaf length (cm), MLW=Mean leaf width (cm), MNOF=Mean number of
flowers. (n= 3/depth).
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Table 5.12: Variability in traits (mean ± SD) of Euryale ferox species in relation to different depths in Manasbal lake.
SITE (LAKE) Depth (cm) MPL MRL MLL MLW MNOFr
MANASBAL D1 (0-100) 85.2±3.1 20±2.05 20.61±0.55 19.65±0.49 3±0
D2 (101-200) 120.35±3.04 21±1.77 17.5±0.70 16.5±0.70 2.5±0.7
MPL= Mean petiole length (cm), MRL= Mean root length (cm), MLL= Mean leaf length (cm), MLW= Mean leaf width (cm), MNOFr= Mean number of
fruits. (n= 3/depth).
Observations (Phytosociology)
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he selected rooted floating-leaf type macrophytes of the three lake
ecosystems exhibited different distributional pattern as depicted by
the variations  in community architecture.
Manasbal lake
A total of seven rooted floating- leaf type species were recorded at
Manasbal lake (Table 5.13-5-15). At site M1, N. peltatum, N. nucifera and E.
ferox were recorded in all the three depth zones, viz., D1(0-100cm), D2(101-
200cm) and D3(201-300cm), while P. natans, T. natans and H. dubia were
present only in D1 and D2 depth zones. The highest mean density was reported
for N. peltatum (4.45) at D2, followed by N. nucifera (2.51) at D1, E. ferox
(2.27) at D3, while as lowest value was obtained for P. natans (0.88) at D2
depth zone. N. peltatum also recorded highest mean abundance values (5.93) at
D2 followed by E. ferox (3.88) at D3 and T. natans (3.82) at D1.The lowest
value varies between 0.6 at D1 for E. ferox and 1.4 for P. natans at depth D1.
The mean values for frequency fluctuated between 3.2 at depth D3 for T.
natans and 71.78 for N. peltatum at D2. The other species with appreciable
mean frequency values were N. nucifera (62.5) at depth D1, E. ferox (34.37) at
D3 and T. natans (31.25) at D2.
Site M2 in lake Manasbal recorded six species of rooted floating- leaf
type plants (Table 5.16-5.18). The most dominant species among which in
terms of density were N. peltatum, T. natans and N. alba with mean density
values of 3.75, 3.72 and 2.7 at D2, D2, and D1 depth ranges respectively. The
mean abundance at the site fluctuated from a value of 1.7 for E. ferox and 5.48
for N. peltatum within the depth range of D1. The highest mean frequency
values of 71.87, 62, 56.25 and 43.75 were observed for N. peltatum, N.
nucifera, T.  natans and N . alba at D2, D1, D2 and D1 depths respectively,
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The plant species, N. peltatum, P. natans, N. nucifera and N. alba were
present at Site M3 in lake Manasbal. The mean density of which ranged from a
minimum of 0.48 for P. natans at D3 to a maximum of 3.2 at depth D2 for N.
peltatum. At this site, the highest value for mean abundance was obtained for
N. peltatum (6.22) at D1 followed by N. alba (4.46) at D2, P. natans (4.03) at
D1 and decreasing to a lowest value of 0.97 at D3 for P. natans. N. peltatum
and N. nucifera depicted maximum mean value of frequency (62.5) at depth D2
and D1, followed by P. natans (59.73) at D1 and N. alba (50) at D2. The
lowest value of 25 was, however, registered for N. nucifera at depth D3 (Table
5.19-5.21).
The Site M4 in Manasbal lake recorded maximum mean density value
for E. ferox (3.07) at D2 followed by N. peltatum (2.91) at D2, N. nucifera (2.1)
at D1 and decreasing to a minimum of 0.83 for P. natans at depth D2. The
mean abundance on the other hand, however, recorded highest value for N.
peltatum (5.58) at D2 followed by E. ferox (3.9) at the same depth and T.
natans (3.27) at depth D1, while as the frequency varied between a mean value
of 25 for N. nucifera at D3 and 50 at depth D2 for N. peltatum, with other
notable contributions from E. ferox (37.5) at D2 and T. natans (34.37) at D1
depth zone (Table 5.21-5.23).
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Table 5.13: Monthly variation in density (indv./m2) of selected macrophyte species in Manasbal lake at Site M1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2.1 2.7 4 5.8 5 4.6 3.1 1.6 3.61
D2(101-200cm) 2.4 3.3 4.6 7 6.5 6.8 3 2 4.45
D3(201-300cm) 0 1.6 2 2.7 2.8 2.5 2.2 1 1.85
2 Potamogeton natans
D1(0-100 cm) 0 0 2 1.7 2 0 0 0 0.71
D2(101-200cm) 0 1.2 1.5 1.5 1.6 1.3 0 0 0.88
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 1 1.5 2 2.2 2 1 0 1.21
D2(101-200cm) 0 0 2 2.6 2 1.5 1 0.5 1.2
D3(201-300cm) 0 0 0 0 0 0 0 0 0
4 Nelumbo nucifera
D1(0-100 cm) 0 1.2 1.7 2.7 4.5 5 3 2 2.51
D2(101-200cm) 0 0.5 1.5 2 4 5 2.5 2 2.18
D3(201-300cm) 0 0 0.5 1.7 3.2 3.5 1.5 0 1.3
5 Hydrocharis dubia
D1(0-100 cm) 0 0 2.2 4.3 4.5 3.7 0 0 1.83
D2(101-200cm) 0 0 1.5 2.5 3.5 2.2 0 0 1.21
D3(201-300cm) 0 0 0 0 0 0 0 0 0
6 Euryale ferox
D1(0-100 cm) 0 0 0 2.5 0 0 0 0 0.31
D2(101-200cm) 0 0 4 5.5 2 2 0 0 1.68
D3(201-300cm) 0 0 5.5 6.2 3 2.2 1.3 0 2.27
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Table 5.14: Monthly variation in abundance (indv./m2) of selected macrophyte species in Manasbal lake at Site M1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 4.2 3.6 8 7.7 6.6 6.1 6.2 3.2 5.7
D2(101-200cm) 3.2 3.3 6.1 9.3 8.6 9 4 4 5.93
D3(201-300cm) 0 3.2 4 5.4 3.7 5 4.4 1 3.33
2 Potamogeton natans
D1(0-100 cm) 0 0 4 3.4 4 0 0 0 1.42
D2(101-200cm) 0 4.8 3 3 3.2 2.6 0 0 2.07
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 4 5.4 6 4.2 6 5 0 3.82
D2(101-200cm) 0 0 4 5.2 4 3 4 2 2.77
D3(201-300cm) 0 0 0 0 0 0 0 0 0
4 Nelumbo nucifera
D1(0-100 cm) 0 2.4 3.4 3.6 4.5 5 4 4 3.36
D2(101-200cm) 0 2 3 4 4 5 5 4 3.37
D3(201-300cm) 0 0 2 3.4 4.2 4.6 1.5 0 1.96
5 Hydrocharis dubia
D1(0-100 cm) 0 0 4.4 8.6 9 7.4 0 0 3.67
D2(101-200cm) 0 0 6 10 7 4.4 0 0 3.42
D3(201-300cm) 0 0 0 0 0 0 0 0 0
6 Euryale ferox
D1(0-100 cm) 0 0 0 5 0 0 0 0 0.62
D2(101-200cm) 0 0 8 11 4 4 0 0 3.37
D3(201-300cm) 0 0 7.3 8.2 6 4.4 5.2 0 3.88
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Table 5.15: Monthly variation in frequency (%) of selected macrophyte species in Manasbal lake at Site M1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 75 50 75 75 75 50 50 62.5
D2(101-200cm) 75 75 75 75 75 75 75 50 71.87
D3(201-300cm) 0 50 50 50 75 50 50 25 43.75
2 Potamogeton natans
D1(0-100 cm) 0 0 50 50 50 0 0 0 18.75
D2(101-200cm) 0 25 50 50 50 50 0 0 28.12
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 25 50 50 75 50 50 0 37.5
D2(101-200cm) 0 0 50 50 50 50 25 25 31.25
D3(201-300cm) 0 0 25 0 0 0 0 0 3.125
4 Nelumbo nucifera
D1(0-100 cm) 0 50 50 75 100 100 75 50 62.5
D2(101-200cm) 0 25 50 50 100 100 50 50 53.12
D3(201-300cm) 0 0 25 50 50 75 50 0 31.25
5 Hydrocharis dubia
D1(0-100 cm) 0 0 50 50 50 50 0 0 25
D2(101-200cm) 0 0 50 25 50 50 0 0 21.87
D3(201-300cm) 0 0 0 0 0 0 0 0 0
6 Euryale ferox
D1(0-100 cm) 0 0 0 50 0 0 0 0 6.25
D2(101-200cm) 0 0 50 50 50 50 0 0 25
D3(201-300cm) 0 0 75 75 50 50 25 0 34.37
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Table 5.16: Monthly variation in density (indv./m2) of selected macrophyte species in Manasbal lake at Site M2
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2 3 4.5 4.8 5 4 2.8 2 3.51
D2(101-200cm) 2.5 3.5 4.5 5.2 4.6 4.7 3.5 1.5 3.75
D3(201-300cm) 0 1.2 2 2.5 2.3 2 1.3 1 1.53
2 Trapa natans
D1(0-100 cm) 0 1.5 2.5 3 3.5 3 2 0.7 2.02
D2(101-200cm) 0 0 6.5 6.8 7 6 3.5 0 3.72
D3(201-300cm) 0 0 3 3.5 2.8 2.5 1.2 0 1.625
3 Nelumbo nucifera
D1(0-100 cm) 0 1 2 3 5 4.7 2.7 2 2.55
D2(101-200cm) 0 0.5 1.2 3 3.7 5 3 2.5 2.36
D3(201-300cm) 0 0 1 2.2 3 3.2 0 0 1.17
4 Nymphaea alba
D1(0-100 cm) 0 2 3.7 4.5 5 4 2.5 0 2.71
D2(101-200cm) 0 1.5 3 3.2 4.3 3.2 2 0 2.15
D3(201-300cm) 0 0 1.5 2.5 3 2.5 0 0 1.18
5 Hydrocharis dubia
D1(0-100 cm) 0 0 4 3.3 4.2 3.3 2 0 2.1
D2(101-200cm) 0 0 4.5 5 5.5 4 2.2 0 2.65
D3(201-300cm) 0 0 0 0 0 0 0 0 0
6 Euryale ferox
D1(0-100 cm) 0 0 5 5.5 0 0 0 0 1.31
D2(101-200cm) 0 0 5 6.2 3 2 0 0 2.02
D3(201-300cm) 0 0 3.5 4.3 3.5 2.2 0 0 1.68
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Table 5.17: Monthly variation in abundance (indv./m2) of selected macrophyte species in Manasbal lake at Site M2
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 4 6 6 6.4 6.6 5.3 5.6 4 5.48
D2(101-200cm) 3.3 4.6 6 6.9 6.1 6.2 4.6 3 5.08
D3(201-300cm) 0 4.8 4 5 4.6 4 5.2 4 3.95
2 Trapa natans
D1(0-100 cm) 0 3 6.6 6.9 6.6 6.2 6.6 2.8 4.83
D2(101-200cm) 0 0 6.5 6.8 7 8 4.6 0 4.11
D3(201-300cm) 0 0 6 4.6 5.6 5 2.4 0 2.95
3 Nelumbo nucifera
D1(0-100 cm) 0 2 4 4 5 4.7 3.6 4 3.41
D2(101-200cm) 0 2 2.4 4 4.9 5 4 5 3.41
D3(201-300cm) 0 0 4 4.4 4 4.2 0 0 2.07
4 Nymphaea alba
D1(0-100 cm) 0 4 7 6 6.6 8 5 0 4.57
D2(101-200cm) 0 3 6 6.4 5.7 6.4 4 0 3.93
D3(201-300cm) 0 0 3 5 6 5 0 0 2.37
5 Hydrocharis dubia
D1(0-100 cm) 0 0 8 6.6 8.4 6.6 4 0 4.2
D2(101-200cm) 0 0 9 10 7.3 8 4.4 0 4.83
D3(201-300cm) 0 0 0 0 0 0 0 0 0
6 Euryale ferox
D1(0-100 cm) 0 0 6.6 7.3 0 0 0 0 1.73
D2(101-200cm) 0 0 6.6 8.2 6 4 0 0 3.1
D3(201-300cm) 0 0 7 8.6 7 4.4 0 0 3.37
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Table 5.18: Monthly variation in frequency (%) of selected macrophyte species in Manasbal lake at Site M2
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 25 50 75 75 75 75 50 50 59.37
D2(101-200cm) 75 75 75 75 75 75 75 50 71.87
D3(201-300cm) 0 75 50 50 50 50 25 25 40.62
2 Trapa natans
D1(0-100 cm) 0 50 50 75 75 75 50 25 50
D2(101-200cm) 0 0 100 100 100 75 75 0 56.25
D3(201-300cm) 0 0 50 75 50 50 50 0 34.37
3 Nelumbo nucifera
D1(0-100 cm) 0 50 50 75 100 100 75 50 62.5
D2(101-200cm) 0 25 50 75 75 100 75 50 56.25
D3(201-300cm) 0 0 25 50 75 50 0 0 25
4 Nymphaea alba
D1(0-100 cm) 0 50 50 75 75 50 50 0 43.75
D2(101-200cm) 0 50 50 50 75 50 50 0 40.62
D3(201-300cm) 0 0 50 50 50 50 0 0 25
5 Hydrocharis dubia
D1(0-100 cm) 0 0 50 50 50 50 50 0 31.25
D2(101-200cm) 0 0 50 50 75 50 50 0 34.37
D3(201-300cm) 0 0 0 0 0 0 0 0 0
6 Euryale ferox
D1(0-100 cm) 0 0 75 75 0 0 0 0 18.75
D2(101-200cm) 0 0 75 75 50 50 0 0 31.25
D3(201-300cm) 0 0 50 50 50 50 0 0 25
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Table 5.19: Monthly variation in density (indv./m2) of selected macrophyte species in Manasbal lake at Site M3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 1.7 1.5 3.7 4.2 3.8 3.1 2.4 1.3 2.71
D2(101-200cm) 1.5 2.2 4 4.5 4.5 4.3 3 1.6 3.2
D3(201-300cm) 0 1 1.6 2.2 2 1.5 1.2 0.6 1.26
2 Potamogeton natans
D1(0-100 cm) 0.7 3 3.2 3.5 3.3 3.2 2.2 1.4 2.56
D2(101-200cm) 0.7 2 2.3 2.7 2.5 2.3 1.5 1.2 1.9
D3(201-300cm) 0 0 1.2 1.5 1.2 0 0 0 0.48
3 Nelumbo nucifera
D1(0-100 cm) 0 1 2 2.5 4.5 4.5 3 2.5 2.5
D2(101-200cm) 0 1 1.5 3.2 4.5 5 1.5 1.7 2.3
D3(201-300cm) 0 0 0 1.5 3 2.7 1 0 1.02
4 Nymphaea alba
D1(0-100 cm) 0 2.5 3.5 5 5 4 3 0 2.87
D2(101-200cm) 0 1.5 2 4.2 4.5 4 2.5 1.7 2.55
D3(201-300cm) 0 0 2 3 2.7 2 1.7 0 1.42
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Table 5.20: Monthly variation in abundance (indv./m2) of selected macrophyte species  in Manasbal lake at Site M3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 6.8 6 7.4 8.4 7.6 6.2 4.8 2.6 6.22
D2(101-200cm) 3 4.4 5.3 6 6 5.7 6 3.2 4.95
D3(201-300cm) 0 4 3.2 4.4 4 3 4.8 2.4 3.22
2 Potamogeton natans
D1(0-100 cm) 2.8 6 4.2 3.5 4.4 4.2 4.4 2.8 4.03
D2(101-200cm) 2.8 4 4.6 3.6 5 4.6 3 4.8 4.05
D3(201-300cm) 0 0 2.4 3 2.4 0 0 0 0.97
3 Nelumbo nucifera
D1(0-100 cm) 0 2 4 3.3 4.5 4.5 6 3.3 3.45
D2(101-200cm) 0 2 3 4.2 4.5 5 3 3.4 3.13
D3(201-300cm) 0 0 0 3 4 5.4 4 0 2.05
4 Nymphaea alba
D1(0-100 cm) 0 5 4.6 6.6 6.6 8 6 0 4.6
D2(101-200cm) 0 3 4 5.6 6 5.3 5 6.8 4.46
D3(201-300cm) 0 0 4 6 5.4 4 6.8 0 3.27
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Table 5.21: Monthly variation in frequency (%) of selected macrophyte species in Manasbal lake at Site M3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 25 25 50 50 50 75 50 50 46.87
D2(101-200cm) 50 50 75 75 75 75 50 50 62.5
D3(201-300cm) 0 25 50 50 50 25 25 25 31.25
2 Potamogeton natans
D1(0-100 cm) 25 50 75 100 75 50 50 50 59.37
D2(101-200cm) 25 50 50 75 50 50 50 25 46.87
D3(201-300cm) 0 0 25 50 50 0 0 0 15.62
3 Nelumbo nucifera
D1(0-100 cm) 0 50 50 75 100 100 50 75 62.5
D2(101-200cm) 0 50 50 75 100 100 50 50 59.37
D3(201-300cm) 0 0 0 50 75 50 25 0 25
4 Nymphaea alba
D1(0-100 cm) 0 50 75 75 75 50 50 0 46.87
D2(101-200cm) 0 50 50 75 75 75 50 25 50
D3(201-300cm) 0 0 50 50 50 50 25 0 28.12
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Table 5.22: Monthly variation in density (indv./m2) of selected macrophyte species in Manasbal lake at Site M4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 1.4 1.7 2.9 3.2 3.5 2.8 2.4 2 2.48
D2(101-200cm) 1.5 1.5 3.5 4.1 4 3.3 3.2 2.2 2.91
D3(201-300cm) 0 0.8 2.3 2.2 1.7 1.5 1 0.6 1.26
2 Potamogeton natans
D1(0-100 cm) 0 1.3 1.5 1.7 1.7 1.3 0 0 0.93
D2(101-200cm) 0 1 1.2 1.3 1 1 0.7 0.5 0.83
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 1 2.5 3 2.2 2 1.2 0 1.48
D2(101-200cm) 0 0 1.7 2 1.5 1.3 0.5 0 0.87
D3(201-300cm) 0 0 0 0 0 0 0 0 0
4 Nelumbo nucifera
D1(0-100 cm) 0 1.5 2.5 3 4.2 5 0.7 0 2.11
D2(101-200cm) 0 0.7 1.7 3.5 4.5 4 0 0 1.8
D3(201-300cm) 0 0 0 2 3.5 3.2 0 0 1.08
5 Euryale ferox
D1(0-100 cm) 0 0 6 6.2 3 2 0 0 2.15
D2(101-200cm) 0 0 8.7 9.2 3.7 3 0 0 3.07
D3(201-300cm) 0 0 6.5 7.7 3.2 2.3 1.2 0 2.61
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Table 5.23: Monthly variation in abundance (indv./m2) of selected macrophyte species in Manasbal lake at Site M4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2.8 3.4 5.8 6.4 7 5.6 4.8 4 4.97
D2(101-200cm) 6 3 7 8.2 5.3 6.6 4.2 4.4 5.58
D3(201-300cm) 0 3.2 4.6 4.4 3.4 3 4 2.4 3.12
2 Potamogeton natans
D1(0-100 cm) 0 2.6 3 3.4 3.4 2.6 0 0 1.87
D2(101-200cm) 0 4 2.4 2.6 2 4 2.8 2 2.47
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 4 5 4 4.4 4 4.8 0 3.27
D2(101-200cm) 0 0 3.4 4 6 5.2 2 0 2.57
D3(201-300cm) 0 0 0 0 0 0 0 0 0
4 Nelumbo nucifera
D1(0-100 cm) 0 3 5 4 5.6 5 2.8 0 3.17
D2(101-200cm) 0 2.8 3.4 4.6 4.5 5.3 0 0 2.57
D3(201-300cm) 0 0 0 4 4.6 4.2 0 0 1.6
5 Euryale ferox
D1(0-100 cm) 0 0 8 8.2 6 4 0 0 3.27
D2(101-200cm) 0 0 11.6 9.2 4.9 6 0 0 3.96
D3(201-300cm) 0 0 8.6 10.2 6.4 4.6 4.8 0 4.32
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Table 5.24: Monthly variation in frequency (%) of selected macrophyte species in Manasbal lake at Site M4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 50 50 50 50 50 25 50 46.87
D2(101-200cm) 25 50 50 50 75 50 50 50 50
D3(201-300cm) 0 25 50 50 50 50 25 25 34.37
2 Potamogeton natans
D1(0-100 cm) 0 50 50 50 50 50 0 0 31.25
D2(101-200cm) 0 25 50 50 50 25 25 25 31.25
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 25 50 75 50 50 25 0 34.37
D2(101-200cm) 0 0 50 50 25 25 25 0 21.87
D3(201-300cm) 0 0 0 0 0 0 0 0 0
4 Nelumbo nucifera
D1(0-100 cm) 0 50 50 75 75 100 25 0 46.87
D2(101-200cm) 0 25 50 75 100 75 0 0 40.62
D3(201-300cm) 0 0 0 50 75 75 0 0 25
5 Euryale ferox
D1(0-100 cm) 0 0 75 75 50 50 0 0 31.25
D2(101-200cm) 0 0 75 100 75 50 0 0 37.5
D3(201-300cm) 0 0 75 75 50 50 25 0 34.37
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Dal lake
In Dal lake ecosystem, except E. ferox, all other six plant species were
present at the selected sites (Table 5.24-5.26). At site DL1, the highest mean
density was reported for N. peltatum (4.3) at D2, followed by P.natans (3.32)
and N. alba (3.1), while as lowest value was obtained for T. natans (1.02) in D3
depth zone. N. peltatum also recorded highest mean abundance values (6.4) in
D2 depth zone followed by P. natans (4.45) and N. alba (4.11), while as the
lowest value was obtained for N. nucifera (2.4) at depth D3. The mean values
for frequency fluctuated between 25 in the D3 depth range for T. natans and
65.62 for each N. peltatum, N. nucifera and N. alba at D1 depth. The other
species with appreciable mean frequency values were P. natans (62.5) at D2,
and T. natans (46.8) at D1.depth ranges.
The plant species, N. peltatum, P. natans, N. nucifera, T. natans and N.
alba were present at Site DL2 in Dal lake. The mean density of which ranged
from a minimum of 0.9 for T. natans at D2 depth to a maximum of 4.3 at the
same depth for N. peltatum. At this site the highest value for mean abundance
was obtained for N. peltatum (6.88) at D1 followed by P. natans (4.36) at D2
and N. alba (4.32) also at the same depth, and decreasing to a lowest value of
2.05 at D3 for N. nucifera. N. peltatum depicted maximum mean value of
frequency (62.5) at depth D2, followed by N. alba (59.37) and P. natans
(53.12) at the same depth (D2). The lowest value of 25 was, however, obtained
for N. nucifera at depth D3 (Table 5.27-5.29).
In Dal lake, site DL3 recorded six plant species of rooted floating- leaf
type (Table). The most dominant species among which in terms of density were
N. peltatum, T. natans and N. alba with mean density values of 3.57, 3.2 and
2.92 at D1, D1, and D2 depth ranges respectively. The mean abundance at the
site fluctuated from a value of 2.3 for N. nucifera at D3 and 5.75 for N.
peltatum at D1. The highest mean frequency values of 62.5 were observed each
for N. peltatum, N. nucifera, and N. alba at D2, D1, and D2 depths
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respectively, while as lowest figure (18.75) for mean frequency was obtained
for P. natans at depth D3 (Table 5.30-5.32).
At Site DL4 in Dal lake maximum mean density value was recorded for
N. alba (2.97) at low depth (D1) followed by N. peltatum (2.96) and T. natans
(2.55) again at D1 depth and decreasing to a minimum of 0.73 for H. dubia at
depth D2. The mean abundance on the other hand, however, recorded highest
value for N. peltatum (5.23) at D2 followed by N. alba (4.06) at D1 and T.
natans (3.87) at D2, while as the frequency varied between a mean value of 21
for H. dubia at D2 and 65.62 at depth D1 for N. alba (Table 5.33-5.35).
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Table 5.25: Monthly variation in density (indv./m2)  of selected macrophyte species in Dal lake at Site DL1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2.7 3.2 4.5 5.5 6.2 5 4.3 2.3 4.21
D2(101-200cm) 2 4 4 5.7 6 6 4.5 2.2 4.3
D3(201-300cm) 0 2.2 3.5 3.2 4 3.5 3.2 1.2 2.6
2 Potamogeton natans
D1(0-100 cm) 0 2 3 4 4.5 4.5 3 2.2 2.9
D2(101-200cm) 0 3.5 4.2 4.5 5 4.5 2.5 1.7 3.23
D3(201-300cm) 0 0 1.7 2.3 3.2 3 1.2 1 1.55
3 Trapa natans
D1(0-100 cm) 0 1.7 3.2 4.3 4.7 3.3 2.5 0 2.46
D2(101-200cm) 0 0.5 2.2 4 3.5 3.2 2.5 0 1.98
D3(201-300cm) 0 0 0.5 2.2 2.2 2 1.3 0 1.02
4 Nelumbo nucifera
D1(0-100 cm) 0 1 2 2.5 4.2 4.5 3.7 1.5 2.42
D2(101-200cm) 0 0.5 1.2 2.5 3.7 4.7 3.2 1 2.1
D3(201-300cm) 0 0 0.5 2 3.5 3.5 2 0 1.43
5 Nymphaea alba
D1(0-100 cm) 0 2 3.2 4 4.5 4.5 3.3 2.5 3
D2(101-200cm) 0 1.5 3 4.2 5 4.5 4 2.7 3.11
D3(201-300cm) 0 0 2.2 3.3 3.7 3.5 2 1.7 2.05
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Table 5.26: Monthly variation in abundance (indv./m2) of selected macrophyte species  in Dal lake at Site DL1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 5.4 6.4 6 7.3 8.2 6.6 5.7 4.6 6.27
D2(101-200cm) 4 8 5.3 7.6 8 8 6 4.4 6.41
D3(201-300cm) 0 4.4 7 6.4 8 7 6.4 4.8 5.5
2 Potamogeton natans
D1(0-100 cm) 0 4 4 5.3 4.5 6 6 4.4 4.27
D2(101-200cm) 0 4.6 5.6 6 5 6 5 3.4 4.45
D3(201-300cm) 0 0 3.4 4.6 6.4 6 4.8 4 3.65
3 Trapa natans
D1(0-100 cm) 0 3.4 4.2 5.7 6.2 6.6 5 0 3.88
D2(101-200cm) 0 2 4.4 5.3 4.6 6.4 5 0 3.46
D3(201-300cm) 0 0 2 4.4 4.4 4 5.2 0 2.5
4 Nelumbo nucifera
D1(0-100 cm) 0 2 2.6 3.3 4.2 4.5 4.9 3 3.06
D2(101-200cm) 0 2 2.4 5 4.9 4.7 4.2 4 3.4
D3(201-300cm) 0 0 2 4 4.6 4.6 4 0 2.4
5 Nymphaea alba
D1(0-100 cm) 0 4 4.2 4 4.5 6 4.4 5 4.01
D2(101-200cm) 0 3 4 4.2 5 6 5.3 5.4 4.11
D3(201-300cm) 0 0 4.4 4.4 4.9 4.6 4 3.4 3.21
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Table 5.27: Monthly variation in frequency (%) of selected macrophyte species in Dal lake at Site DL1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 50 75 75 75 75 75 50 65.62
D2(101-200cm) 25 50 75 75 75 75 75 50 62.5
D3(201-300cm) 0 50 50 50 50 50 50 25 40.62
2 Potamogeton natans
D1(0-100 cm) 0 50 75 75 100 75 50 50 59.37
D2(101-200cm) 0 75 75 75 100 75 50 50 62.5
D3(201-300cm) 0 0 50 50 50 50 25 25 31.25
3 Trapa natans
D1(0-100 cm) 0 50 75 75 75 50 50 0 46.87
D2(101-200cm) 0 25 50 75 75 50 50 0 40.62
D3(201-300cm) 0 0 25 50 50 50 25 0 25
4 Nelumbo nucifera
D1(0-100 cm) 0 50 75 75 100 100 75 50 65.62
D2(101-200cm) 0 25 50 50 75 100 75 25 50
D3(201-300cm) 0 0 25 50 75 75 50 0 34.37
5 Nymphaea alba
D1(0-100 cm) 0 50 75 100 100 75 75 50 65.62
D2(101-200cm) 0 50 75 100 100 75 75 50 65.62
D3(201-300cm) 0 0 50 75 75 75 50 50 46.87
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Table 5.28: Monthly variation in density (indv./m2) of selected macrophyte species in Dal lake at Site DL2
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2.3 4.3 4.5 5.5 6 4.7 3.2 2 4.06
D2(101-200cm) 2.2 4.5 4.7 5.7 7.2 5.2 2.7 2.2 4.3
D3(201-300cm) 0 2.5 3.2 3.2 4.4 3.4 2 0.7 2.42
2 Potamogeton natans
D1(0-100 cm) 0 1.7 2.6 3.2 3.5 3.2 1.7 0.7 2.07
D2(101-200cm) 0 2.2 3 4.2 4.5 4.3 2.2 1.2 2.7
D3(201-300cm) 0 0 1.2 2.5 3.2 2.5 1.3 0.8 1.43
3 Trapa natans
D1(0-100 cm) 0 0.7 1.7 2.5 3.2 2.8 1.7 0 1.57
D2(101-200cm) 0 0 0 1.5 1.7 2 2 0 0.9
D3(201-300cm) 0 0 0 0 0 0 0 0 0
4 Nelumbo nucifera
D1(0-100 cm) 0 0 1.5 2.2 4 4.2 3 2 2.11
D2(101-200cm) 0 0 1 2 3.3 4.5 3 0 1.72
D3(201-300cm) 0 0 0 0 2.7 3.5 2.2 0.5 1.11
5 Nymphaea alba
D1(0-100 cm) 0 1.7 3.5 3.7 4 4 2.5 2 2.67
D2(101-200cm) 0 0.7 2.7 4.5 5 4.3 3.5 3.3 3
D3(201-300cm) 0 0 1.5 3 3 2.5 2 1.5 1.68
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Table 5.29: Monthly variation in abundance (indv./m2) of selected macrophyte species in Dal lake at Site DL2
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 4.6 8.6 6 7.3 8 6.2 6.4 8 6.88
D2(101-200cm) 4.4 9 6.2 7.6 7.2 6.9 5.4 4.4 6.38
D3(201-300cm) 0 5 6.4 6.4 5.8 6.8 4 2.8 4.65
2 Potamogeton natans
D1(0-100 cm) 0 3.4 5.2 4.2 4.6 6.4 3.4 2.8 3.75
D2(101-200cm) 0 4.4 4 5.6 6 5.7 4.4 4.8 4.36
D3(201-300cm) 0 0 4.8 3.3 6.4 5 5.2 3.2 3.48
3 Trapa natans
D1(0-100 cm) 0 2.8 3.4 5 6.4 5.6 3.4 0 3.32
D2(101-200cm) 0 0 0 6 6.8 4 4 0 2.6
D3(201-300cm) 0 0 0 0 0 0 0 0 0
4 Nelumbo nucifera
D1(0-100 cm) 0 0 3 4.4 4 5.6 4 4 3.12
D2(101-200cm) 0 0 2 4 4.4 4.5 4 0 2.36
D3(201-300cm) 0 0 0 0 5.4 4.6 4.4 2 2.05
5 Nymphaea alba
D1(0-100 cm) 0 3.4 4.6 4.9 5.3 5.3 5 4 4.06
D2(101-200cm) 0 2.8 5.4 4.5 5 5.7 4.6 6.6 4.32
D3(201-300cm) 0 0 3 4 4 5 4 6 3.25
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Table 5.30: Monthly variation in frequency (%) of selected macrophyte species in Dal lake at Site DL2
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 50 75 75 75 75 50 25 59.37
D2(101-200cm) 50 50 75 75 100 75 50 25 62.5
D3(201-300cm) 0 25 50 50 50 50 50 25 37.5
2 Potamogeton natans
D1(0-100 cm) 0 50 50 75 75 50 50 25 46.87
D2(101-200cm) 0 50 75 75 75 75 50 25 53.12
D3(201-300cm) 0 0 25 75 50 50 25 25 31.25
3 Trapa natans
D1(0-100 cm) 0 25 50 50 50 50 50 0 34.37
D2(101-200cm) 0 0 0 25 25 50 50 0 18.75
D3(201-300cm) 0 0 0 0 0 0 0 0 0
4 Nelumbo nucifera
D1(0-100 cm) 0 0 50 50 100 75 75 50 50
D2(101-200cm) 0 0 50 50 75 100 75 0 43.75
D3(201-300cm) 0 0 0 0 50 75 50 25 25
5 Nymphaea alba
D1(0-100 cm) 0 50 75 75 75 75 50 50 56.25
D2(101-200cm) 0 25 50 100 100 75 75 50 59.37
D3(201-300cm) 0 0 50 75 75 50 50 25 40.62
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Table 5.31: Monthly variation in density (indv./m2) of selected macrophyte species  in Dal lake at Site DL3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 3 3.3 4.7 5.2 5.5 4.2 1.7 1 3.57
D2(101-200cm) 1.7 2 4.5 4.5 6.2 4.7 3 1.2 3.47
D3(201-300cm) 0 2 2.5 3.3 3.7 2.2 1.2 1 1.98
2 Potamogeton natans
D1(0-100 cm) 0 3 3.5 4.2 4 3.2 2.2 1.5 2.7
D2(101-200cm) 0 2.3 3.7 4.5 5.2 2.3 1.5 1.2 2.58
D3(201-300cm) 0 0 0 2.2 2.7 1.5 0.8 0 0.9
3 Trapa natans
D1(0-100 cm) 0 2 5 5.2 5.5 5.2 2.7 0.5 3.26
D2(101-200cm) 0 0 3.5 4 5 3.5 2 0 2.25
D3(201-300cm) 0 0 2.2 3.2 3.7 3 1 0 1.63
4 Nelumbo nucifera
D1(0-100 cm) 0 1.2 2.2 3 4.7 5 3.5 1.5 2.63
D2(101-200cm) 0 1 1.5 3.2 4.5 4.5 2 0.7 2.17
D3(201-300cm) 0 0 0.7 1.5 2.3 3 1 0 1.06
5 Nymphaea alba
D1(0-100 cm) 0 1 3.2 4.3 5 4.2 3 1.5 2.77
D2(101-200cm) 0 1.5 2 5 5.5 4 3.2 2.2 2.92
D3(201-300cm) 0 0 1.2 3.2 3 2.7 2.5 2 1.82
6 Hydrocharis dubia
D1(0-100 cm) 0 0 2.7 3 4.5 3.5 2.2 0 1.98
D2(101-200cm) 0 0 1 2.2 3 2 1.3 0 1.18
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.32: Monthly variation in abundance (indv./m2) of selected macrophyte species in Dal lake at Site DL3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 6 6.6 6.2 6.9 7.3 5.6 3.4 4 5.75
D2(101-200cm) 3.4 4 6 6 8.2 6.2 6 2.4 5.27
D3(201-300cm) 0 4 5 6.6 7.4 4.4 2.4 4 4.22
2 Potamogeton natans
D1(0-100 cm) 0 4 4.6 5.6 5.3 6.4 4 6 4.48
D2(101-200cm) 0 3 4.9 6 6.9 4.6 6 4.8 4.52
D3(201-300cm) 0 0 0 4.4 5.4 6 3.2 0 2.37
3 Trapa natans
D1(0-100 cm) 0 4 6.6 6.9 7.3 6.9 5.4 2 4.88
D2(101-200cm) 0 0 4.6 5.3 6.6 4.6 4 0 3.13
D3(201-300cm) 0 0 4.4 6.4 4.9 6 4 0 3.21
4 Nelumbo nucifera
D1(0-100 cm) 0 2.4 4.4 4 4.7 5 4.6 3 3.51
D2(101-200cm) 0 2 3 4.2 4.5 4.5 4 2.8 3.12
D3(201-300cm) 0 0 2.8 3 4.6 4 4 0 2.3
5 Nymphaea alba
D1(0-100 cm) 0 2 4.2 5.7 5 5.6 4 6 4.06
D2(101-200cm) 0 3 4 5 5.5 5.3 4.2 4.4 3.92
D3(201-300cm) 0 0 2.4 4.2 4 5.4 5 4 3.12
6 Hydrocharis dubia
D1(0-100 cm) 0 0 5.4 4 6 4.6 4.4 0 3.05
D2(101-200cm) 0 0 4 2.9 4 4 5.2 0 2.51
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.33: Monthly variation in frequency (%) of selected macrophyte species in Dal lake at Site DL3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 50 75 75 75 75 50 25 59.37
D2(101-200cm) 50 50 75 75 75 75 50 50 62.5
D3(201-300cm) 0 50 50 50 50 50 50 25 40.62
2 Potamogeton natans
D1(0-100 cm) 0 75 75 75 75 50 50 25 53.12
D2(101-200cm) 0 75 75 75 75 25 25 25 46.87
D3(201-300cm) 0 0 0 50 50 25 25 0 18.75
3 Trapa natans
D1(0-100 cm) 0 50 75 75 75 75 50 25 53.12
D2(101-200cm) 0 0 75 75 75 75 50 0 43.75
D3(201-300cm) 0 0 50 50 75 50 25 0 31.25
4 Nelumbo nucifera
D1(0-100 cm) 0 50 50 75 100 100 75 50 62.5
D2(101-200cm) 0 50 50 75 100 100 50 25 56.25
D3(201-300cm) 0 0 25 50 75 75 25 0 31.25
5 Nymphaea alba
D1(0-100 cm) 0 50 75 75 100 75 75 25 59.37
D2(101-200cm) 0 50 50 100 100 75 75 50 62.5
D3(201-300cm) 0 0 50 75 75 50 50 50 43.75
6 Hydrocharis dubia
D1(0-100 cm) 0 0 50 75 75 75 50 0 40.62
D2(101-200cm) 0 0 25 75 75 50 25 0 31.25
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.34: Monthly variation in density (indv./m2) of selected macrophyte species in Dal lake at Site DL4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2.2 2.7 2.7 4 4.5 3.3 2.6 1.7 2.96
D2(101-200cm) 1.5 2 3 3.7 5 2.7 1.5 1.5 2.61
D3(201-300cm) 0 1.2 2.5 3 2.5 2 0.8 0.7 1.58
2 Potamogeton natans
D1(0-100 cm) 0 1.5 3 3.7 4 1.3 1 1 1.93
D2(101-200cm) 0 1.2 1 2 2.2 1 0.7 0 1.01
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 1.2 3.3 4.5 5.2 4 2.2 0 2.55
D2(101-200cm) 0 1 2 4.3 4.5 4 3 0 2.35
D3(201-300cm) 0 0 0.7 2 2.2 2.2 0.8 0 0.98
4 Nelumbo nucifera
D1(0-100 cm) 0 1.5 2.5 3 4.5 4.3 2.7 0 2.31
D2(101-200cm) 0 1.2 1.5 2.5 3.7 4.2 3 1 2.13
D3(201-300cm) 0 0 0 1 2.5 3 0.7 0 0.9
5 Nymphaea alba
D1(0-100 cm) 0 1.7 3.5 4.2 5.2 4 3 2.2 2.97
D2(101-200cm) 0 1 2 5.3 4.3 4.2 3.2 3 2.87
D3(201-300cm) 0 0 1 3.5 3.2 2.7 1.2 1 1.57
6 Hydrocharis dubia
D1(0-100 cm) 0 0 2.5 3.5 3.5 2.5 1.5 0 1.68
D2(101-200cm) 0 0 0 1.5 2.2 1.7 0.5 0 0.73
D3(201-300cm) 0 0 0 0 0 0 0 0 0
Observations (Phytosociology)
Department of Environmental Sciences 117
Table 5.35: Monthly variation in abundance (indv./m2) of selected macrophyte species  in Dal lake at Site DL4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2.4 5.4 5.4 5.3 6 6.6 3.4 3.4 4.73
D2(101-200cm) 3 4 6 4.9 6.6 5.4 6 6 5.23
D3(201-300cm) 0 2.4 5 6 5 4 3.2 2.8 3.55
2 Potamogeton natans
D1(0-100 cm) 0 3 4 4.9 5.3 5.2 4 4 3.8
D2(101-200cm) 0 2.4 4 4 4.4 4 2.8 0 2.7
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 2.4 4.4 6 6.9 5.3 4.4 0 3.67
D2(101-200cm) 0 4 4 5.7 6 5.3 6 0 3.87
D3(201-300cm) 0 0 2.8 4 4.4 4.4 3.2 0 2.35
4 Nelumbo nucifera
D1(0-100 cm) 0 3 3.3 4 4.5 4.3 3.6 0 2.83
D2(101-200cm) 0 2.4 3 3.3 4.9 5.6 4 4 3.4
D3(201-300cm) 0 0 0 2 5 4 2.8 0 1.72
5 Nymphaea alba
D1(0-100 cm) 0 3.4 4.6 5.6 5.2 5.3 4 4.4 4.06
D2(101-200cm) 0 2 4 5.3 5.7 5.6 4.2 4 3.85
D3(201-300cm) 0 0 4 4.6 4.2 5.4 4.8 4 3.37
6 Hydrocharis dubia
D1(0-100 cm) 0 0 5 4.6 4.6 5 6 0 3.15
D2(101-200cm) 0 0 0 3 4.4 3.4 2 0 1.6
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.36: Monthly variation in frequency (%) of selected macrophyte species in Dal lake at Site DL4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 50 50 75 75 50 50 50 56.25
D2(101-200cm) 50 50 50 75 75 50 25 25 50
D3(201-300cm) 0 50 50 50 50 50 25 25 37.5
2 Potamogeton natans
D1(0-100 cm) 0 50 75 75 75 25 25 25 43.75
D2(101-200cm) 0 50 25 50 50 25 25 0 28.12
D3(201-300cm) 0 0 0 0 0 0 0 0 0
3 Trapa natans
D1(0-100 cm) 0 50 75 75 75 75 50 0 50
D2(101-200cm) 0 25 50 75 75 75 50 0 43.75
D3(201-300cm) 0 0 25 50 50 50 25 0 25
4 Nelumbo nucifera
D1(0-100 cm) 0 50 75 75 100 100 75 0 59.37
D2(101-200cm) 0 50 50 75 75 75 75 25 53.12
D3(201-300cm) 0 0 0 50 75 75 25 0 28.12
5 Nymphaea alba
D1(0-100 cm) 0 50 75 100 100 75 75 50 65.62
D2(101-200cm) 0 50 50 75 75 75 75 75 59.37
D3(201-300cm) 0 0 25 75 75 50 25 25 34.37
6 Hydrocharis dubia
D1(0-100 cm) 0 0 50 75 75 50 25 0 34.37
D2(101-200cm) 0 0 0 50 50 50 25 0 21.87
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Anchar lake
The Anchar lake despite being hypereutrophic in recognition, has got
water depths at deeper patches well suited for the growth of rooted floating-
leaf type macrophytes. At site A1, N. peltatum was found to cover significant
area and register highest mean density value of 3.62 at depth D1 against N.
nucifera, with lowest mean density value of 1.06 at the same depth. Similarly,
N. peltatum also was recorded to have a maximum value of 5.23 and 68.75 for
abundance and frequency in D1 depth zone respectively. While as the
minimum values for abundance and frequency at the same site has been
counted for N. nucifera (2.12) at D2 and T. natans (21.87) at depth D3 (Table
5.37-5.39).
Site A2 of Anchar lake recorded only N. peltatum, P. natans and H.
dubia, each having a maximum value for mean density of 3.36, 2.38 and 1.83
in depth D1 zone respectively, on the other hand, least values of 1.8 and 1.4
were observed at D3 depth for each N. peltatum and P. natans. Again, N.
peltatum registered a maximum value of 5.3 and 62.5 at depth D1 (0-100cm)
for abundance and frequency respectively, while as H. dubia (2.8) at D1 and P.
natans (28.12) at D3 showed lowest values for abundance and frequency at the
site (Table 5.40-5.42).
At Site A3 in the lake, maximum mean density value was recorded for
N. peltatum (3.67) followed by P. natans (2.98), and T. natans (2.33) each in
D1 depth zone and decreasing to a minimum of 1.03 for T. natans at depth D3.
The mean abundance on the other hand, also was  recorded highest for N.
peltatum (5.18) at D1 followed by P. natans (4.6) and T. natans (4.2) again in
the same depth zone, while the frequency varied between a mean value of
21.87 for T. natans at D3 and 71.78 at depth D1 for N. peltatum (Table 5.43-
5.45).
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Site A4 in the lake recorded six plant species (Table). The most
dominant among which in terms of density were N. peltatum, P. natans and N.
alba with mean density values of 3.7, 2.7 and 2.05 at D1 depth range
respectively. The mean abundance at the site fluctuated from a value of 1.3 for
N. alba at D3 and 5.28 for N. peltatum at D1depth. The highest mean frequency
values of 68.75, 50 and 46 were observed for N. peltatum, P. natans and N.
alba each at D1 depth respectively, while as lowest figure (15.6) for mean
frequency was obtained for N. alba in D3 depth zone (Table 5.46-5.48).
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Table 5.37: Monthly variation in density (indv./m2) of selected macrophyte species in Anchar lake at Site A1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 1.5 2.5 4.2 5 5.3 4.5 3.5 2.5 3.62
D2(101-200cm) 0.5 2.5 4 4.7 5.5 5 3.2 2 3.42
D3(201-300cm) 0 0 2.7 3.5 4 3.5 2.5 0 2.02
2 Potamogeton natans
D1(0-100 cm) 0 3.7 4 4.3 4.2 4 2.7 1.5 3.05
D2(101-200cm) 0 3.5 3.7 4.5 5 4.5 3 2 3.27
D3(201-300cm) 0 0 2 3 3.5 3.3 2.5 1 1.91
3 Trapa natans
D1(0-100 cm) 0 0.7 2 3 4.2 4 1.7 0.5 2.01
D2(101-200cm) 0 0 1.5 2.5 3.5 3.5 2 0 1.62
D3(201-300cm) 0 0 0 1.5 2 2 1.3 0 0.85
4 Nelumbo nucifera
D1(0-100 cm) 0 1.2 1.7 2.2 3 3 2.5 0 1.7
D2(101-200cm) 0 0 1 1.3 2 2.2 2 0 1.06
D3(201-300cm) 0 0 0 0 0 0 0 0 0
5 Hydrocharis dubia
D1(0-100 cm) 0 0 2 3.5 3.7 4 2 0 1.9
D2(101-200cm) 0 0 0 0 0 0 0 0 0
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.38: Monthly variation in abundance (indv./m2) of selected macrophyte species in Anchar lake at Site A1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 3 5 5.6 5 5.3 6 7 5 5.23
D2(101-200cm) 2 5 5.3 4.7 5.5 6.6 6.4 4 4.93
D3(201-300cm) 0 0 5.4 4.6 5.3 7 5 0 3.41
2 Potamogeton natans
D1(0-100 cm) 0 4.9 5.3 5.7 5.6 5.3 5.4 6 4.77
D2(101-200cm) 0 7 7.4 6 5 6 6 4 5.17
D3(201-300cm) 0 0 4 6 7 6.6 5 4 4.07
3 Trapa natans
D1(0-100 cm) 0 2.8 4 4 5.6 5.3 3.4 2 3.38
D2(101-200cm) 0 0 3 5 4.6 7 4 0 2.95
D3(201-300cm) 0 0 0 3 4 5 5.2 0 2.15
4 Nelumbo nucifera
D1(0-100 cm) 0 2.5 3.5 3 4 4 5 0 2.75
D2(101-200cm) 0 0 2 2.5 4 4.5 4 0 2.12
D3(201-300cm) 0 0 0 0 0 0 0 0 0
5 Hydrocharis dubia
D1(0-100 cm) 0 0 4 4.7 5 5.5 4 0 2.9
D2(101-200cm) 0 0 0 0 0 0 0 0 0
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.39: Monthly variation in frequency (%) of selected macrophyte species in Anchar lake at Site A1
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 50 75 100 100 75 50 50 68.75
D2(101-200cm) 25 50 75 100 100 75 50 50 65.62
D3(201-300cm) 0 0 50 75 75 50 50 0 37.5
2 Potamogeton natans
D1(0-100 cm) 0 75 75 75 75 75 50 25 56.25
D2(101-200cm) 0 50 50 75 100 75 50 50 56.25
D3(201-300cm) 0 0 50 50 50 50 50 25 34.37
3 Trapa natans
D1(0-100 cm) 0 25 50 75 75 75 50 25 46.87
D2(101-200cm) 0 0 50 50 75 50 50 0 34.37
D3(201-300cm) 0 0 0 50 50 50 25 0 21.87
4 Nelumbo nucifera
D1(0-100 cm) 0 50 50 75 75 75 50 0 46.87
D2(101-200cm) 0 0 50 50 50 50 50 0 31.25
D3(201-300cm) 0 0 0 0 0 0 0 0 0
5 Hydrocharis dubia
D1(0-100 cm) 0 0 50 75 75 75 50 0 40.62
D2(101-200cm) 0 0 0 0 0 0 0 0 0
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.40: Monthly variation in density (indv./m2) of selected macrophyte species in Anchar lake at Site A2
S. No. Species
Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2 3.3 4 3 4.7 4.7 3.2 2 3.36
D2(101-200cm) 0 3 4.2 3 4.3 4 3 1.7 2.9
D3(201-300cm) 0 0 2.5 2.2 3 3.4 2 1.5 1.82
2 Potamogeton natans
D1(0-100 cm) 0 2 2.7 2.5 3.7 4.5 2.5 1.2 2.38
D2(101-200cm) 0 2 2.5 2 4 4.2 2.7 1.2 2.32
D3(201-300cm) 0 0 1.5 1.2 2.5 3.5 2 1 1.46
3 Hydrocharis dubia
D1(0-100 cm) 0 0 1.5 3 4 4 2.2 0 1.83
D2(101-200cm) 0 0 0 0 0 0 0 0 0
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.41: Monthly variation in abundance (indv./m2) of selected macrophyte species in Anchar lake at Site A2
S. No. Species
Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 4 4.4 5.3 6 6.2 6.2 6.4 4 5.31
D2(101-200cm) 0 4 5.6 6 5.7 5.3 6 6.8 4.92
D3(201-300cm) 0 0 5 4.4 6 6.8 4 6 4.02
2 Potamogeton natans
D1(0-100 cm) 0 4 5.4 5 4.9 6 5 4.8 4.38
D2(101-200cm) 0 4 5 5 5.3 5.6 5.4 4.8 4.387
D3(201-300cm) 0 0 6 4.8 5 7 4 4 3.85
3 Hydrocharis dubia
D1(0-100 cm) 0 0 3 4 5.5 5.5 4.4 0 2.8
D2(101-200cm) 0 0 0 0 0 0 0 0 0
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.42: Monthly variation in frequency (%) of selected macrophyte species in Anchar lake at Site A2
S. No. Species
Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 75 75 50 75 75 50 50 62.5
D2(101-200cm) 0 75 75 50 75 75 50 25 53.12
D3(201-300cm) 0 0 50 50 50 50 50 25 34.37
2 Potamogeton natans
D1(0-100 cm) 0 50 50 50 75 75 50 25 46.87
D2(101-200cm) 0 50 50 50 75 75 50 25 46.87
D3(201-300cm) 0 0 25 25 50 50 50 25 28.12
3 Hydrocharis dubia
D1(0-100 cm) 0 0 50 75 75 75 50 0 40.62
D2(101-200cm) 0 0 0 0 0 0 0 0 0
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.43: Monthly variation in density (indv./m2) of selected macrophyte species in Anchar lake at Site A3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 2.2 3.5 4.5 5.2 5.5 4 3 1.5 3.67
D2(101-200cm) 0 3.2 4.7 4.5 4.2 4 3 1.2 3.1
D3(201-300cm) 0 0 3 3.5 3.5 3.2 2 0.7 1.98
2 Potamogeton natans
D1(0-100 cm) 0 3.2 3.5 4.5 4.2 4 3 1.5 2.98
D2(101-200cm) 0 2.3 3.5 4.5 5 3.7 2.3 1 2.78
D3(201-300cm) 0 0 1 3.2 3.5 3 1 0.5 1.52
3 Trapa natans
D1(0-100 cm) 0 1 2.2 3.5 4 4 3 1 2.33
D2(101-200cm) 0 0 2.5 3.7 4.5 4.2 2.5 1 2.3
D3(201-300cm) 0 0 0 2 3 2.3 1 0 1.03
4 Nymphaea alba
D1(0-100 cm) 0 1 2 2.5 3 3 2 1 1.81
D2(101-200cm) 0 0 1.5 2 2.5 2.5 2 0 1.31
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.44: Monthly variation in abundance (indv./m2) of selected macrophyte species in Anchar lake at Site A3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 4.4 4.6 4.5 5.2 5.5 5.3 6 6 5.18
D2(101-200cm) 0 4.2 4.7 6 5.6 5.3 6 4.8 4.57
D3(201-300cm) 0 0 6 7 7 6.4 4 2.8 4.15
2 Potamogeton natans
D1(0-100 cm) 0 6.4 4.6 6 5.6 5.3 6 3 4.61
D2(101-200cm) 0 4.6 4.6 6 5 4.9 4.6 4 4.21
D3(201-300cm) 0 0 4 6.4 7 6 4 2 3.67
3 Trapa natans
D1(0-100 cm) 0 4 4.4 4.6 5.3 5.3 6 4 4.2
D2(101-200cm) 0 0 5 4.9 6 5.6 5 4 3.81
D3(201-300cm) 0 0 0 4 6 4.6 4 0 2.32
4 Nymphaea alba
D1(0-100 cm) 0 4 4 3.5 4 4 4 0 2.93
D2(101-200cm) 0 0 3 4 5 5 4 0 2.62
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.45: Monthly variation in frequency (%) of selected macrophyte species in Anchar lake at Site A3
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 75 100 100 100 75 50 25 71.87
D2(101-200cm) 0 75 100 75 75 75 50 25 59.37
D3(201-300cm) 0 0 50 50 50 50 50 25 34.37
2 Potamogeton natans
D1(0-100 cm) 0 50 75 75 75 75 50 25 53.12
D2(101-200cm) 0 50 75 75 100 75 50 50 59.37
D3(201-300cm) 0 0 25 50 50 50 25 25 28.12
3 Trapa natans
D1(0-100 cm) 0 25 50 75 75 75 50 25 46.87
D2(101-200cm) 0 0 50 75 75 75 50 25 43.75
D3(201-300cm) 0 0 0 50 50 50 25 0 21.87
4 Nymphaea alba
D1(0-100 cm) 0 25 50 75 75 75 50 0 43.75
D2(101-200cm) 0 0 50 50 50 50 50 0 31.25
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.46: Monthly variation in density (indv./m2) of selected macrophyte species in Anchar lake at Site A4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 1.5 2.5 3.7 5.2 6 4.7 3.5 2.5 3.7
D2(101-200cm) 1.5 2 3.5 4 5.2 5 2.7 2 3.23
D3(201-300cm) 0 1 2.5 3.3 3.7 3.2 2.5 0 2.02
2 Potamogeton natans
D1(0-100 cm) 0 2.5 3 4.2 4.2 4 3 1.3 2.77
D2(101-200cm) 0 3 2 4 3.7 3.3 2.2 1 2.4
D3(201-300cm) 0 0 1.2 2.3 3 2.2 1 0.5 1.27
3 Trapa natans
D1(0-100 cm) 0 0 1.7 2.2 3.3 3 2 0 1.52
D2(101-200cm) 0 0 0.7 2.5 3.7 3 2 0.5 1.55
D3(201-300cm) 0 0 0 1.3 2.2 2 0.5 0 0.75
4 Nelumbo nucifera
D1(0-100 cm) 0 0.7 2 2.3 2.5 2.7 2.2 0 1.55
D2(101-200cm) 0 0 0 1 1.3 1.5 1 0 0.6
D3(201-300cm) 0 0 0 0 0 0 0 0 0
5 Nymphaea alba
D1(0-100 cm) 0 1.2 3 3.5 3.5 2 2 1.2 2.05
D2(101-200cm) 0 0 2 3 3.2 2 1.5 1 1.58
D3(201-300cm) 0 0 0 1.5 2 1 0 0 0.56
6 Hydrocharis dubia
D1(0-100 cm) 0 0 1 2.2 2.7 3.2 1.5 0 1.32
D2(101-200cm) 0 0 0 0 0 0 0 0 0
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.47: Monthly variation in abundance (indv./m2) of selected macrophyte species in Anchar lake at Site A4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 3 5 4.9 5.2 6 6.2 7 5 5.28
D2(101-200cm) 3 4 4.6 5.3 5.2 6.6 5.4 4 4.76
D3(201-300cm) 0 4 5 6.6 7.4 6.4 5 0 4.3
2 Potamogeton natans
D1(0-100 cm) 0 5 6 5.6 5.6 5.3 6 5.2 4.83
D2(101-200cm) 0 6 4 5.3 7.4 6.6 4.4 4 4.71
D3(201-300cm) 0 0 4.8 4.6 6 4.4 4 2 3.22
3 Trapa natans
D1(0-100 cm) 0 0 3.4 4.4 4.4 6 4 0 2.77
D2(101-200cm) 0 0 2.7 5 7.4 6 4 2 3.38
D3(201-300cm) 0 0 0 5.2 4.4 4 2 0 1.95
4 Nelumbo nucifera
D1(0-100 cm) 0 3 4 3 3.5 3.6 4.5 0 2.7
D2(101-200cm) 0 0 0 2 2.5 3 4 0 1.43
D3(201-300cm) 0 0 0 0 0 0 0 0 0
5 Nymphaea alba
D1(0-100 cm) 0 2.5 4 4.7 4.7 4 4 0 2.98
D2(101-200cm) 0 0 4 4 4.3 4 3 0 2.41
D3(201-300cm) 0 0 0 3 4 4 0 0 1.37
6 Hydrocharis dubia
D1(0-100 cm) 0 0 4 4.4 3.6 6.4 3 0 2.67
D2(101-200cm) 0 0 0 0 0 0 0 0 0
D3(201-300cm) 0 0 0 0 0 0 0 0 0
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Table 5.48: Monthly variation in frequency (%) of selected macrophyte species in Anchar lake at Site A4
S. No. Species Depth Apr May Jun Jul Aug Sep Oct Nov Mean
1 Nymphoides peltatum
D1(0-100 cm) 50 50 75 100 100 75 50 50 68.75
D2(101-200cm) 50 50 75 75 100 75 50 50 65.62
D3(201-300cm) 0 25 50 50 50 50 50 0 34.37
2 Potamogeton natans
D1(0-100 cm) 0 50 50 75 75 75 50 25 50
D2(101-200cm) 0 50 50 75 50 50 50 25 43.75
D3(201-300cm) 0 0 25 50 50 50 25 25 28.12
3 Trapa natans
D1(0-100 cm) 0 0 50 50 75 50 50 0 34.37
D2(101-200cm) 0 0 25 50 50 50 50 24 31.12
D3(201-300cm) 0 0 0 25 50 50 25 0 18.75
4 Nelumbo nucifera
D1(0-100 cm) 0 25 50 75 75 75 50 0 43.75
D2(101-200cm) 0 0 0 50 50 50 25 0 21.87
D3(201-300cm) 0 0 0 0 0 0 0 0 0
5 Nymphaea alba
D1(0-100 cm) 0 50 75 75 75 50 50 0 46.87
D2(101-200cm) 0 0 50 75 75 50 50 0 37.5
D3(201-300cm) 0 0 0 50 50 25 0 0 15.62
6 Hydrocharis dubia
D1(0-100 cm) 0 0 25 50 75 50 50 0 31.25
D2(101-200cm) 0 0 0 0 0 0 0 0 0




Department of Environmental Sciences 133
he present study sought to determine the effect of water depth and site
characteristics on the morphological characters of the selected rooted
floating leaf-type macrophytes in three flat land lakes (alt. c 1584m
ASL) in the  Kashmir Valley. Seven macrophytes investigated during the
present study were Nymphoides peltatum, Potamogeton natans, Trapa natans,
Nelumbo nucifera, Nymphaea alba, Hydrocharis dubia and Euryale ferox.
While all the seven plants were present in the Manasbal lake; in the other two
lakes only six species were recorded with E. ferox being present only in
Manasbal lake. The present study revealed variations among different selected
plant species both in morphological as well as community features. The
variation in the following morphological traits was noticed across different
lakes and also across different water depths as well.
Number of ramets
A perusal of results revealed that water depth was an important factor
influencing ramet production in N. peltatum, P. natans, T. natans, N. nucifera
and H. dubia. The results clearly show that all the plant species except T.
natans produced more number of ramets in shallow waters (0-100cm) as
compared to deeper waters (201-300 cm). Higher water levels probably reduce
plant performance (ramet production) mainly by limiting the amount of light
available for photosynthesis and gas exchange between the plant and the
environment due to low gas diffusion rate in water (Armstrong et al., 1994;
Vervuren et al., 2003; Mommer et al., 2005). Plants growing at shallow water
levels recruit new leaves to reach the water surface for photosynthesis. The
rapid protrusion of leaves above the water surface in response to lower water-
levels enables them to obtain more light for photosynthesis and restore gas
exchange quickly between the plant and the air, curtailing inefficient anaerobic
respiration in the root system, which causes a rapid depletion of carbohydrate
reserves (Xie et al., 2009). In T. natans, the plants formed large patches in all
the three lakes in deeper water areas. It may be because this species has
relatively low growth rate in comparison to the other plants avoids competition
T
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with them by occupying deeper areas, which is not preferred by other plants
(Wu et al, 2007). In addition, in shallow zones even slight fluctuations in
water-level can be detrimental to its survival (Vuorela and Aalto, 1982). Thus,
the plant species, T. natans in our study too was observed to prefer deeper
waters than littoral areas in all the lake ecosystems.
Spacer length
In case of clonal plants, in which ramets are interconnected by spacers,
the plastic responses of spacer length to habitat quality have been interpreted as
a foraging behaviour (de Kroon and Hutchings, 1995; Oborny and Cain, 1997).
This foraging response seems to be beneficial for a plant as it allows ramets to
concentrate in areas of favourable habitat. The same was revealed by the results
obtained during the present study which indicated that the spacer length of
plants was longer in deeper waters as compared to shallow depth zones. This is
because a plant species at higher water depths remains under stress and thus
prevents dispersion by producing longer spacer lengths and hence less number
of ramets. In contrast, the plants were noticed to generate small spacers
between ramets in the lesser water depth ranges (i.e.,0-200cm). This decrease
in spacer length is attributed to the fact that plants at these water-levels allow
ramet production to enhance and thereby colonize large areas by utilizing their
favourable environment (Cain, 1994).
Petiole length
The present data reveal that water depth has a profound effect on petiole
length of the selected plant species at all sites. Petiole length of N. peltata, N.
nucifera, N. alba was found to be more than the depth at which the plants
occurred. It may be that the additional length of petioles protects the plant
from any injury otherwise caused by mechanical forces of the wave action.
Rapid cell elongation is reported to have the dominant effect on petiole
elongation, and this kind of cell elongation results from the interaction between
accumulated ethylene in submerged tissues, and increasing cell wall
extensibility (Ridge and Amarasinghe, 1984). Cell elongation has been found
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to require substantial amounts of polysaccharides to expand cell walls during
submergence in Rumex palustris (Groeneveld and Voesenek, 2003). The
increased cost of petioles with increase in water depth may, therefore, be
contributing to the depth limits for floating- leaved species. This seems to be a
plausible explanation to support our results which clearly indicated the absence
of plant species above 300cm water depths in all the lakes.
Shoot length and inter-node distance
The shoot elongation is the prime response to water depth that enables
them to emerge from the water (Lieffers and Shay, 1981., Grace and Wetzel,
1981) in order to prevent carbon starvation or limitation of light for
photosynthesis (Grace, 1989). The length of shoots of P. natans and T. natans
indicated just the same trend as observed in petioles of other plants. The shoot
length of mature plants was observed to be longer than the depth at which these
plants emerge, so as to show flexibility against the forces of wind and wave
action, which otherwise have the capacity to damage the plants.
The elongation response in these macrophytes is similar to that of shade-
avoiding terrestrial species except that in the former it is mediated by ethylene,
whereas in the latter (shaded shoots) it is mediated by auxins (Blom and
Voesenek, 1996). Ethylene concentration is reported to be indirectly
stimulating the cell production and elongation by sensitizing meristems to
gibberellic acid, thereby increasing the elasticity of cell walls and producing
longer and weaker stems. A similar phenomenon seems to occur in the studied
macrophytes, which recorded longer internodes in deeper water and shorter
internodes at shallow depth of waters. Further, in the present study, shorter
inter-nodes of the plants at lower depths (0-200cm) were responsible for
causing intense branching in plants and thus resulting in dense mono-specific
vegetation beds especially in Dal and Anchar lakes. As water depth increases,
so does the inter-node distance in shoots of the plants and hence less protrusion
of branches. This seems exactly the reason of observing plants to be restricted
below 300cm water depth ranges.
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Leaf growth
The present study evidenced a weaker response of leaf growth by the
plant species to water depth. The leaves of the studied rooted floating plants at
higher water depths show a slightly higher growth of leaves in comparison to
plants which were present towards the shallow depth zone (0-100cm). Making
larger leaves in deeper water possibly helps to maintain a relatively high
investment in photosynthetic (leaves) vs. tethering tissue (petioles). Further,
floating-leaved aquatic plants have a temperature driven pressurized ventilation
system that forces air from younger leaves to older leaves, causing the rhizome
and root system to be aerated and flushed in the process (Grosse et al., 1996).
Differences among water levels in leaf size and number, as well as in relative
biomass allocation to roots and rhizomes may be associated with the
effectiveness of this aeration system. As leaf size increases, so does thickness
of the boundary layer at the surface of the leaf, the net result of this increase for
leaves in sunny environments is an increase in leaf temperature (Givnish,
1987). N. alba leaves in Dal and Anchar sites were significantly larger when
compared to the leaves of the plant species in Manasbal lake. This seems to be
attributable to heavy infestation of the plant species in eutrophicated lakes (Dal
and Anchar) where the plants grow profusely with larger leaves at all depths. In
contrast, the species is present at only few locations in Manasbal lake towards
the littoral regions, where the plant species did allocate much biomass to the
rhizomes rather than to the leaves. This is possibly because, at times, the plant
species faces draw down and hence to regenerate in next phase, allocation to
the rhizomes proves a good strategy for its survival.
Reproductive structures
The results of our study show a clear effect of water depth on
reproductive structures, i.e., number of flowers, fruits and inflorescence spikes,
wherein the flower production decreased with increasing depth of water. In
response to water depth, macrophytes often face a trade-off between the need
for leaf growth (so that the leaves grow closer to water surface), root growth
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for nutrient acquisition and stolon growth for dispersal (Clevering and
Hundscheid, 1998; Strand and Weisner, 2001). The plant species at shallow
depths produced more number of flowers, which seems to be related with the
availability of enough resources. On the other hand, in deeper waters the plant
is at stress by possessing limited number of resources and accordingly allocates
them judiciously to minimize imbalances in any critical resource in a manner
that maximizes plant growth (Bloom et al., 1985). Consequently, less number
of reproductive structures are produced by the plants in deeper waters while
maintaining all balances for their success of survival.
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Phytosociology
Aquatic macrophytes in different growth forms represent the most
important biotic elements in a lake ecosystem. Macrophytes are excellent
indicators of the ecological state of water bodies, mainly because they integrate
environmental changes over periods of several years, and reflect the cumulative
effects of successive disturbances (Tremp and Kohler, 1995). Distribution of
macrophytes in water bodies and their coexistence can be determined by
tolerance to drought and flooding (Smith and Brock, 1996). Water depth, has
been implicated in affecting the composition, diversity (Casanova and Brock,
2000; Nicol et al., 2003) and distribution (Rea and Ganf, 1994; Blanch et al.,
1999, 2000; Kennedy et al., 2003; Boar, 2006) of macrophyte communities.
Water depth can constrain plant growth by limiting the availability of resources
particularly atmospheric carbon (Cızkova-Koncalova et al., 1992; Blanch et al.,
1999) and oxygen (Armstrong, 1979; Yamasaki, 1984; Crawford, 1992). Thus,
knowledge of how growth relates to water depth is valuable because even small
changes in water depth can have significant effects on macrophyte
communities, and this information is vital in understanding and predicting the
responses of macrophytes to environmental management practices (Froend and
McComb, 1994).
The whole data reveals that the most important environmental factor for
the vegetation differentiation is the water depth of the habitats. The attenuation
of light causes the disappearance of these macrophyte species from deeper
parts of the lake, which become abundant in the shallow parts and causes
intense interspecific competition (Schmieder, 1996). According to Hrivnak
(2009), species richness increases with decreasing water depth and it is due to
the presence of true aquatic plants as well as marsh and wet meadow species in
shallower waters, representing appropriate conditions for all species groups.
This is possibly a reason for creating a mosaic vegetation appearance towards
littorals (low depths) by the aquatic plants.
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The selected species in the three lakes showed dominance in terms of
density, abundance and frequency at D1 (0-100 cm) and D2 (101-200 cm)
depth ranges. In fact, the plant species Hydrocharis dubia, was observed to be
limited only within these two depths in the lakes. The exception to the above
findings was Euryale ferox in Manasbal lake at Site M1. This plant species was
noticed to register maximum values at depth D3 (201-300cm) for density (2.3),
abundance (3.9) and frequency (34.4) (Table). It was observed that the local
boatmen damage the plant in its early vegetative phase at shallower depths,
apprehending that the thorny petioles of the plant at its later stage of growth
would cause them difficulty in extracting economically valuable rhizomes of
Nelumbo nucifera. The highest depth range (201-300cm) of the lake
ecosystems was observed to have a scanty distribution of rooted floating
macrophyte species and beyond this depth no such type of macrophyte was
observed. The results of the present study are in consonance with the study of
Spence (1982) and Keddy (2000). According to them, in lake gradients from
shallow to deep water, emergents dominate in shallow water, floating-leaved
aquatics dominate deeper water, and submerged aquatics are found in the
deepest water. These patterns are hypothesized to represent either competitive
exclusion at the shallower edge and physical constraints at the deeper edge of
each zone (Keddy, 2000), or a trade-off between drought and flood tolerance
(Luo et al., 2008). Givnish (2002) has argued that the trade-offs that result in
zonation involve differences in biomass investment in lamina support where
emergents invest relatively more in petioles or stems that support laminae,
while floating-leaved plants invest relatively less in petioles, which function as
tethers rather than supports.
On the whole, the data collected during the study suggest that as
compared to water depth, the site (nature of lake in terms of nutrients) had a
relatively less effect on the morphological traits of the plants. This may be due
to the fact that light is critical for controlling the growth rates of plants, while
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he present study mainly assessed the influence of water depth on the
morphological features of the rooted floating-leaf type aquatic plant
species and their distribution in Manasbal, Dal and Anchar lakes. The
lake littorals were categorized into three depth zones, D1 (0-100cm), D2 (101-
200cm) and D3 (201-300cm). All the plant species showed an optimal growth
up to 200 cm water depth. Beyond this depth the growth of plants got severely
retarded and above 300cm of water level the selected aquatic plants were
almost absent in all the three lake ecosystems.
Number of ramets in the plant species viz, N. peltatum, P. natans, T.
natans, N. nucifera and H. dubia decreased at higher water levels because of
the less amount of light available for photosynthesis at these depths. However,
the plants in response to lower water depths produced more number of ramets
due to rapid recruitment of leaves above the water surface which enables them
to obtain more light for photosynthesis and restore gas exchange quickly.
Further, these plants thrived best in the depth range of 0-200cm by producing
less spacers and more ramets. Above this water depth zone, studied
macrophytes showed fewer occurrences of these features.
The shoot elongation (in case of P. natans and T. natans) and increase in
length of petiole (in case of N. peltata, N. nucifera, N. alba and E. ferox) are
the prime responses to water depth which enables these macrophytes to emerge
from the water in order to prevent limitation of light for photosynthesis. Thus,
the increased cost of shoots and petioles with increase in water depth seems to
be responsible for depth limits for the floating-leaved macrophyte species.
The number of flowers, fruits and inflorescence spikes, which are
considered important for the reproductive success of a species, decreased
significantly in deeper water because of high stress to the plants at these water
depths. In fact, dense growth of macrophytes was restricted to only shallow
depths (0-200cm) rather than higher water-levels. Further, the high infestation
of these macrophytes can be a nuisance for recreational activities in the present
T
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lakes and also representing a real threat for the systems by strongly
contributing to silting. The data obtained during the present study thus clearly
indicated that an increase in water level (above 200cm) in a large system at key
life cycle stages of a floating-leaved plants could be used as a potential
alternative for controlling their  growth when usual control techniques are not




Department of Environmental Sciences 142
Armstrong, W., Armstrong, J., Beckett, P. M. and Justin, S. H. F. W. 1991.
Convective gas flows in wetland plant aeration. In Jackson, M. B., D. D.
Davies and H. Lambers (eds), Plant Life Under Oxygen Deprivation.
SPA, The Hague, The Netherlands: 283–302
Armstrong, W., Brandle, R. and Jackson, M. B. 1994. Mechanisms of flood
tolerance in plants. Acta Botanica Neerlandica. 43: 307–358.
Asaeda, T., KienTrung, V. and Manatunge, J. 2000. Modeling the effects of
macrophyte growth and decomposition on the nutrient budget in shallow
lakes. Aquat. Bot. 68; 217–237.
Balls, H., Moss, B. and Irvine, K. 1989. The loss of submerged plants with
eutrophication. Experimental design, water chemistry, aquatic plant and
phytoplankton biomass in experiments carried out in ponds in the
Norfolk Broadland. Freshwater Biol. 22:71–87.
Barko, J. L., Adams, M. S. and Clesceri, N. L. 1986. Environmental factors and
their consideration in the management of submersed aquatic vegetation:
A review. Journal of Aquatic Plant Management. 24: 1–10.
Bashir, S. 2003. Dominance pattern of macrophytic vegetation and habitation
of summer migratory birds in Hokersar wetland. M. Phil. Dissertation.
Univ. Kash.
Bhat, A. A. 2012. Geochemistry of three Kashmir Himalayan Lakes and its
impact on vegetation dynamics. Ph. D. Thesis. Univ. Kash.
Bini, L. M., Thomaz, S. M., Murphy, K. J. and Camargo, A. F. M. 1999.
Aquatic macrophyte distribution in relation to water and sediment
conditions in the Itaipu.
Blanch, S. J, Ganf, G. G, and Walker, K. F. 1999. Growth and resource
allocation in response to flooding in the emergent sedge Bolboschoenus
medianus. Aquat Botany. 63:145–160.
Blanch, S. J, Ganf, G. G, and Walker, K. F. 1999. Tolerance of riverine plants
to flooding and exposure indicated by water regime. Regul Rivers Res
Manage. 15:43–62.
References
Department of Environmental Sciences 143
Blindow, I., Andersson, G., Hargeby, A. and Johansson, S. 1993. Long-term
pattern of alternative stable states in two eutrophic shallow lakes.
Freshwater Biol. 30: 159–167.
Blom, C. W. P. M., Voesenek, L. A. C. J. 1996. Flooding: the survival
strategies of plants. Trends in Ecology and Evolution 11: 290±295.
Bloom, A. J., Chapin, F. S. and Mooney, H. A. 1985. Resource limitation in
plants–an economic analogy. Annual Review of Ecology and
Systematics. 16: 363–392.
Boar, R. R. 2006. Responses of a fringing Cyperus papyrus L. swamp to
changes in water level. Aquat. Bot. 84: 85–92.
Brix, H., Sorrell, B. K. and Orr, P. T. 1992. Internal pressurisation and
convective gas flow in some emergent freshwater macrophytes. Limnol.
Oceanogr. 37:1420–1433.
Brock, T. C., van der Velde, G. and van de Steeg, H. M. 1987. The effects of
extreme water level fluctuations on the wetland vegetation of a
nymphaeid-dominated oxbow lake in The Netherlands. Arch. Hydrobiol.
27:57–73.
Cain, M. L. 1994. Consequences of foraging in clonal plant species. Ecology.
75: 933–944.
Canfield, D. E., Jr. Langeland, K. A., Linda, S. B. and Haller, W.T. 1985.
Relations between water transparency and maximum depth of
macrophyte colonization in lakes. J. Aquat. Plant Manage. 23: 25-28.
Carpenter, S. R.. and Lodge, D. M. 1986. Effects of submersed macrophytes on
ecosystem processes. Aquat. Bot. 26: 341–370.
Carvalho, P., Bini, L. M., Diniz-Filho, J. A. F. and Murphy, K. J. 2009. A
macro ecological approach to study aquatic macrophyte distribution
patterns. Acta Limnol. Bras., 21:169-174.
Casanova, M. T. and M. A. Brock, 2000. How do depth, duration and
frequency of flooding influence the establishment of wetland plant
communities? Plant Ecology 147: 237–250.
References
Department of Environmental Sciences 144
Chambers, P. A. and Kalff, J. 1985. Depth distribution and biomass of
submersed aquatic macrophyte communities in relation to secchi depth.
Canadian Journal of Fisheries and Aquatic Sciences. 42: 701–709.
Chambers, P. A. and Kalff, J., 1987. Light and nutrients in the control of
aquatic plant community structure. 1. In situ experiments. Journal of
Ecology. 75: 611–619.
Chambers, P. A.,  Lacoul, P., Murphy, K. J. and Thomaz, S. M. 2008. Global
diversity of aquatic macrophytes in freshwater. Hydrobiologia. 595 (1):
9-26.
Chauhan, R. 2005. Growth and Biomass Allocation in Scirpus littoralis Schrad.
Under Different Water Depths. Bulletin of the National Institute of
Ecology. 15: 153-160.
Cızkova-Koncalova, H., Kvet, J. and Thompson, K. 1992. Carbon starvation: a
key to reed decline in eutrophic lakes. Aquat. Bot. 43: 105–113.
Clevering, O. A and Hundscheid, M. P. J. 1998. Plastic and non-plastic
variation in growth of newly established clones of Scirpus
(Bolboschoenus) maritimus L. grown at different water depths. Aquatic
Botany. 62: 1–17.
Clevering, O. A., Blom, C. W. P. M. and van Vierssen, W. 1996. Growth and
morphology of Scirpus lacustris and Scirpus maritimus during spring
growth. Func. Ecol. 10: 289–296.
Cooke, G. D., Welch, E. B., Peterson, S. A. and Newroth, P. R.. 1993.
Restoration and Management of Lakes and Reservoirs, 2nd ed. Lewis,
New York.
Coops, H. and Doef, R. W. 1996. Submerged vegetation development in two
shallow, eutrophic lakes. Hydrobiologia. 340: 115–120.
Coops, H. and Hosper, S. H. 2002. Water-level management as a tool for the
restoration of shallow lakes in The Netherlands. Lake Res. Manage. 18:
293–298.
References
Department of Environmental Sciences 145
Coops, H., Beklioglu, M. and Crisman, T. L. 2003. The role of water-level
fluctuations in shallow lake ecosystems – workshop conclusions.
Hydrobiologia. 506–509, 23–27
Coops, H., van den Brink, F. W. B and  van der Velde, G. 1996, Growth and
morphological responses of four helophyte species in an experimental
water-depth gradient. Aquatic Botany. 54: 11-24.
Coops, H., van Nes, E. H., van den Berg, M. S. and Butijn, G. D. 2002.
Promoting low canopy macrophytes to compromise conservation and
recreational navigation in a shallow lake. Aquat. Ecol. 36:483–492.
Coops, H., Vulink, J. T. and van Nes, E. H. 2004. Managed water levels and
the expansion of emergent vegetation along a lakeshore. Limnologica.
34: 57–64.
Crawford, R. M. M. 1992. Oxygen availability as an ecological limit to plant
distribution. Adv Ecol Res. 23: 92–171.
Cushing, C. E. and Allan, J. D.  2001.  Streams:  Their Ecology and Life.
Academic Press, San Diego (400+ pp).
de Kroon, H. and Hutchings, M. J. 1995. Morphological plasticity in clonal
plants: the foraging concept revisited. Journal of Ecology. 83: 143–152.
Deegan, B. M., White, S. D. and Ganf, G. G. 2007. The influence of water
level fluctuation on the growth of four emergent macrophyte species.
Aquatic Botany 86: 309–315.
Duarte, C. M. and Kalff, J. 1990. Patterns in the submerged macrophyte
biomass of lakes and the importance of the scale of analysis in the
interpretation. Can. J. Fish. Aquat. Sci. 47: 357–363.
Dutartre, A., Dalarche, A. and  Dulong, J. 1989. Sediment and aquatic plant
management in lakes and ponds in The Landes. Informat. Tech. du
CEMAGREF 76 (3), 1–8 (in French).
Dvoraki, J. and Bestz, E. P. H. 1982. Macro-invertebrate communities
associated with the macrophytes of Lake Vechten: Structural and
functional relationships. Hydrobiologia. 95:115–126.
References
Department of Environmental Sciences 146
Edwards, A. L., Lee, D. W, and Richards, J. H. 2003. Responses to a
fluctuating environment: effects of water depth on growth and biomass
allocation in Eleocharis cellulose Torr. (Cyperaceae). Can J Bot. 81(9):
964–975.
Egertson, Ch., Kopaska, J. A. and Downing, J. A. 2004. A century of change in
macrophyte abundance and composition in response to agricultural
eutrophication. Hydrobiologia. 524: 145–156.
Ellery, K., Ellery, W. N., Rogers, K. H. and Walker, B. H. 1991.Water depth
and biotic insulation: major determinants of back-swamp plant
community composition. Wetl. Ecol. Manage. 1:149–162.
Engelhardt, K. A. M. and Ritchie, M. E. 2001. Effects of macrophyte species
richness on wetland ecosystem functioning and services. Nature.
441:687–689.
Froend, R. H. and McComb, A. J. 1994. Distribution, productivity and
reproductive phenology of emergent macrophytes in relation to water
regimes at wetlands of south-western Australia. Aust. J. Mar.
Freshwater Res. 45: 1491–1508.
Gacia, E. and Ballesteros, E. 1996. The effect of increased water level on
Isoetes lacustris L. in Lake Baciver, Spain. J. Aquat. Plant Manage. 34:
57–59.
Gafny, S. and Gasith, A. 1999. Spatially and temporally sporadic appearance of
macrophytes in the littoral zone of Lake Kinneret, Israel: Taking
advantageous of a window of opportunity. Aquatic Botany. 62: 249–
267.
Ganai, B. A., Majid, S. and Bhat, S. A. 2010. Nymphoides peltatum as the
indicator of excessive nutrient loading in the anthropogenically
impacted waters of Dal lake, Kashmir. J. Himalayan Ecol. Sustain. Dev.,
5: 64- 76.
Givnish, T. J. 2002. Ecological constraints on the evolution of plasticity in
plants. Evol. Ecol. 16: 213-242.
References
Department of Environmental Sciences 147
Givnish, T. J. 1987. Comparative studies of leaf form: Assessing the relative
roles of selective pressures and phylogenetic constraints. New Phytol.
106: 131-160.
Grace, J. B 1993. The adaptive significance of clonal reproduction in
angiosperms: an aquatic perspective. Aquat Botany. 44:159–180
Grace, J. B. and Wetzel, R. G. 1981. Habitat partitioning and competitive
displacement in cattails (Typha): Experimental field studies. Am. Nat.,
118: 463-474.
Grace, J. B., 1987. The impact of preemption on the zonation of two Typha
species along lakeshores. Ecol. Monogr. 57: 283–303.
Groeneveld, H. W. and Voesenek, L. A. C. J. 2003. Submergence-induced
petiole elongation in Rumex palustris is controlled by developmental
stage and storage compounds. Plant Soil. 253: 115–123.
Gross, E. M., Johnson R. L. and Hairston N. G. 2001. Experimental evidence
for changes in  submersed macrophyte species composition caused by
the herbivore Acentria ephemerella (Lepidoptera). Oecologia. 127:
105-114.
Handoo, J. K. and Kaul, V. 1982. Phytosociological and standing crop studies
in wetlands of Kashmir. p.187-197. In: Gopal, B., Turner, R. E. Wetzel,
R. G. and Whigam, D. F. (eds). Wetlands: Ecology and Management,
part I. National Institute of Ecology and International Scientific
Pulication, Jaipur.
Hanson, M. A. and Butler, M. G., 1994. Responses of plankton,
turbidity, and macrophytes to biomanipulation in a shallow
prairie lake. Can. J. Fish. Aquat. Sci. 51: 1180–1187.
Hansson, L. A., Annadotter, H., Bergman, E., Hamrin, S. F., Jeppesen, E.,
Kairesalo, T., Luokkanen, E., Nilsson, P., Søndergaard, M. and Strand,
J. 1998. Biomanipulation as an application of food-chain theory:
constraints, synthesis, and recommendations for temperate lakes.
Ecosystems. 1: 558–574.
References
Department of Environmental Sciences 148
Haslam, S. M. 1970. The performance of Phragmites communis Trin. in
relation to water-supply. Ann. Bot., 34: 867-877.
Hellsten, S., Marttunen, M., Palomaki, R., Riihimaki, J. and Alasaarela, E.
1996. Towards an ecologically based regulation practice in Finnish
hydroelectric lakes. Regulated Rivers: Research and Management. 12:
535–545.
Hempstead, M. S.  and Killingbeck, K. T. 1996. Influences of water depth and
substrate nitrogen on leaf surface area and maximum bed extension in
Nymphaea odorata. Aquatic Botany. 53:151-162
Hertzman, T. and Larsson, T., 1999. Lake Hornborga, Sweden: the Return of a
Bird Lake. Wetlands International 50, Wageningen.
Hrivnak, R. 2009. Macrophyte vegetation of artificial water reservoirs in the
Krupinska Planina Mts., including the first record of Potametum
acutifolii from Slovakia. Hacquetia, 8(2): 159-174.
Hudon, C., Lalonde, S. and Gagnon, P. 2000. Ranking the effects of site
exposure, plant growth form, water depth, and transparency on aquatic
plant biomass. Can J. Fish. Aquat. Sci. 57(Suppl. 1):31-42.
Hutchinson, G. E. 1975. A treatise of limnology. Vol. 3. Limnological botany.
John Wiley and Son, Inc. New York, NY.
Ikegami M., Whigham, D. F. and Werger, M. J. A. 2007. Responses of rhizome
length and ramet production to resource availability in the clonal sedge
Scirpus olneyi A. Gray. Plant Ecology. 189: 247–259.
James,W. F. and Barko, J. W., 1990. Macrophyte influences on the zonation of
sediment accretion and composition in a north-temperate reservoir.
Arch. Hydrobiol. 120:129–142.
Jensen, J. R. and Mackey Jr., H. E., 1991. Remote sensing of freshwater
aquatic macrophytes in a southeastern lake: part 1, Analysis of 30 years
of vertical aerial photography. Technical Papers, ACSM-ASPRS.
Annual Convention V3: Remote Sensing, 224-231.
References
Department of Environmental Sciences 149
Jeppesen, E., Søndergaard, M., Søndergaard, M. and Christoffersen, K. (Eds.),
1998. The Structuring Role of Submerged Macrophytes in Lakes.
Ecological Series, vol. 131. Springer-Verlag, 423 pp.
Kallner Bastviken, S., Eriksson, P. G., Ekstro¨m, A. and Konderski, K. 2007.
Seasonal denitrification potential in wetland sediments with organic
matter from different plant species. Water, Air, and Soil Pollution. 183:
25–35.
Kaul, S. 1982. Community architecture, biomass and production in sometypical
wetlands of Kashmir. Indian. J. Ecol., 9: 320-329.
Keddy, P. A. and Constabel, P. 1986. Germination of ten shoreline plants in
relation to seed size, soil particle size and water fluctuating water levels:
an experimental study. Journal of Ecology. 74: 133- 141.
Keddy, P. A., 1984. Plant zonation on lakeshores in Nova Scotia: a test of the
resource specialisation hypothesis. J. Ecol. 72: 797–808.
Kozlowski, T. T. (Editor). 1984. Flooding and Plant Growth. Academic Press,
New York.
Kumar, R. and Pandit, A. K. 2006. Species composition and distribution of
rooted floating- leaf type vegetation in Hokersar wetland of Kashmir
Himalaya. Journal of Research and Development, 6: 43- 49.
Kumar, R. and Pandit, A. K. 2008. Effect of water level fluctuations on
distribution of emergent vegetation in Hokarsar wetland, Kashmir. Proc.
Nat. Acad. Sci. Indian, Sect B. 78(III): 227-233.
Kumar, R. and Pandit, A. K. and Iqbal, P. J. 2008. Phytosociology of
submerged macro- vegetation in Hokersar wetland, Kashmir. J.
Himalayan Ecol. Sustain. Dev., 3: 51- 57.
Kunii, H. and Aramaki, M. 1992. Annual net production and life span of
floating leaves in Nymphaea tetragona Georgi: a comparison with other
floating leaved macrophytes. Hydrobiologia. 242:185–193.
Larcher, W. 1995. Physiological Plant Ecology. Springer, Berlin.
Lauridsen, T. L., Jeppesen, E. and Andersen, F. O. 1993. Colonization of
submerged macrophytes in shallow ﬁsh manipulated Lake Væng: impact
References
Department of Environmental Sciences 150
of sediment composition and waterfowl grazing. Aquatic Botany. 46: 1–
15.
Leira, M. and Cantonati, M. 2008. Effects of water-level fluctuations on lakes:
an annotated bibliography. Hydrobiologia. 613: 171–184.
Lieffers, V. and Shay, M. 1981. The effects of water level on the growth and
reproduction of Scirpus maririmus var. palua’osus. Can. J. Bot., 59:
118-121.
Luo, W. B., Song, F. B. and  Xie, Y. H. 2008. Trade-off between tolerance to
drought and tolerance to flooding in three wetland plants. Wetlands. 28:
866-873.
Madsen, J. D., Chambers, P. A., James, W. F., Koch, E. W. and Westlake, D.
F. 2001. The interaction between water movement, sediment dynamics
and submersed macrophtes. Hydrobiologia. 444: 71–84.
Mahdi, M. D., Bhat, F. A. and Yousuf, A. R. 2007. Macrophytic association in
the lotic habitats of Kashmir Himalaya. Journal of Research and
Development, 7: 59- 66.
Marion, L. and Paillisson, J.M. 2002. A mass balance assessment of the
contribution of floating-leaved macrophytes in nutrient stocks in an
eutrophic macrophyte-dominated lake. Aquat Bot., 75: 249–260.
Martın, J., Luque-Larena, J. J. and Lo´pez, P.  2005. Factors affecting escape
behavior of Iberian green frogs (Rana perezi). Can J Zool., 83:1189–
1195.
Maurer, D. A. and Zedler, J. B. 2002. Differential invasion of a wetland grass
explained by tests of nutrients and light availability on establishment
and clonal growth. Oecologia., 131: 279–288.
McComb, A. J. and Lukatelich R. J. 1986. Nutrients and Plant Biomass in
Australian Estuaries, with Particular Reference to South-Western
Australia. In De Decker, P. and W. P. Williams (eds), Limnology in
Australia. Junk Publishers, Melbourne, 433–455.
McQueen, D., Mark, J., Johannes, R. S., Lafontaine, N. R., Young, A. S.,
Longbotham, E. and Lean, D. R. S. 1990. Effects of planktivore
References
Department of Environmental Sciences 151
abundance on chlorophyll-a and Secchi depth. Hydrobiologia. 200–201:
337–341.
Middeboe, A. L. and Markager, S. 1997. Depth limits and minimum light
requirements of freshwater macrophytes. Freshwater Biology. 37: 553–
568.
Milne, J. M., Murphy, K. J. and Thomaz, S. M. 2006. Morphological variation
in Eichhornia azurea (Kunth) and Eichhornia crassipes (Mart.) Solms
in relation to aquatic vegetation type and the environment in the
floodplain of the Rio Parana, Brazil. Hydrobiologia. 570: 19–25.
Misra, R. 1968. Ecology WorkBook. Oxford and IBH Publishing Company,
Calcutta.
Mitsch, W. J. and Gosselink, J. G. 1986. Wetlands. Van Nostrand Reinhold,
New York, 539 pp.
Mommer, L., de Kroon, H., Pierik, R., Bögemann, G. M. and Visser, E. J. W.
2005. A functional comparison of acclimation to shade and
submergence in two terrestrial plant species. New Phytol. 167: 197–206.
Moss, B. 1990. Engineering and biological approaches to the restoration from
eutrophication of shallow lakes in which aquatic plant communities are
important components. Hydrobiologia. 200–201: 367–377.
Moss, B., Madgwick, J. and Phillips, G. 1997. A Guide to the Restoration of
Nutrient Enriched Shallow Lakes. Wetlands International Publications,
Norfolk.
Murphy, K. J., Fox, A. M. and Hunbary, R. G. 1987. A multivariate assessment
of plant management impacts on macrophyte communities in a Scotish
Canal. J. Appl. Ecol., 24: 1063-1079.
Narumalani, S. G., Jensen, J. R., Althausen, J. D., Burkhalter, S. and Mackey,
H. E., Jr., 1997. Aquatic macrophyte modeling using GIS and logistic
multiple regression. PE and RS. 63(1): 41-49.
References
Department of Environmental Sciences 152
Nicol, J. M., Ganf, G. G. and Pelton, G.A. 2003. Seed banks of a southern
Australian wetland: the influence of water regime on the final floristic
composition. Plant Ecol., 168: 191–205.
Nohra, S. and Kimura, M. 1997.  Growth characteristics of Nelumbo nucifera
Gaertn. In response to water depth and flooding. Ecological Research.
12: 11 – 20.
Oborny, B. and Cain, M. L. 1997. Models of Spatial Spread and Foraging in
Clonal Plants. In de Kroon, H. and J. van Groenendael (eds), The
Ecology and Evolution of Clonal Plants. Backhuys Publishers, Leiden,
155– 183.
Paillisson, J. M and  Marion, L. 2006. Can small water level fluctuations affect
the biomass of Nymphaea alba in large lakes? Aquatic Botany. 84: 259–
266.
Pandit, A. K., Mir, G. A. and Jan, D. 2010. Phytosociology of macrophytes in
Mirgund wetland of Kashmir Himalaya. J. Himalayan Ecol. Sustain.
Dev., 5: 150- 156.
Papastergiadou, E. and Babalonas, D. 1992. Ecological studies on aquatic
macrophytes of a dam lake, Lake Kerkini, Greece. Arch. Hydrobiol., 2:
187– 206.
Perrow, M. R., Meijer, M. L., Dawidowicz, P. and Coops, H. 1997a.
Biomanipulation in shallow lakes: state of the art. Hydrobiologia. 342–
343: 355–365.
Perrow, M. R., Schutten, J., Howes, J. R., Holzer, T., Madgwick, F. J. and
Jowitt, A. J. D. 1997b. Interactions between coot (Fulica atra) and
submerged macrophytes: the role of birds in the restoration process.
Hydrobiologia. 342–343: 214–225.
Petticrew, E. and Kalff, J. 1992. Water flow and clay retention in submerged
macrophyte beds. Can. J. Fish. Aquat. Sci. 49: 2483–2489.
Pieczynska, E. 1993. Detritus and nutrient dynamics in the shore zone of lakes:
a review. Hydrobiologia. 251:49–58.
References
Department of Environmental Sciences 153
Pip, E. and Robinson, G. G. C. 1984. A comparison of algal periphyton
composition on eleven species of submerged macrophytes.
Hydrobiological Bulletin. 18: 109–118
Purohit, R. and Singh, S. P. 1986. Submerged macrophytic vegetation in
relation to eutrophication level in Kumaun Himalaya. Environ. Pollut.
Ser., 39: 161-173.
Qadri, H. and Yousuf, A. R. 2005. Macrophytic distribution in Dal lake,
Kashmir during summer. Journal of Research and Development, 5: 79-
85.
Rather, G. H., Ravinder, K. and Pandit, A. K. 2007. Distribution of aquatic
vegetation in Ahansar, a freshwater lake in Kashmir Himalaya. J. Res.
Dev., 7: 33-37.
Rea, N. and Ganf, G. G. 1994. Water depth changes and biomass allocation in
two contrasting macrophytes. Aust J Mar Freshw Res., 45:1459–1468.
Rea, T. E., Karapatakis. D. J., Guy, K. K., Pinder, J. E and  Mackey, H. E. Jr.
1998. The relative effects of water depth, fetch and other physical
factors on the development of macrophytes in a small southeastern US
pond. Aquatic Botany. 61: 289-299.
Ridge, I. R. and Amarsinghe. 1984. Ethylene and growth control in the fringed
waterlily (Nymphoides peitata): stimulation of cell division and
interaction with buoyant in petioles. Plant Growth Rugul., 2: 235-249.
Rofès, G., Durbec, A., Jigorel, A., Bertru, G., Marion, L. and Dutartre, A.
1993. Dynamicsof suspended particulate matters in Lake Grand-Lieu
(France). Verh. Int. Verein. Limnol. 25: 608–609.
Sand-Jensen, K and Søndergaard, M. 1979. Distribution and quantitative
development of aquatic macrophytes in relation to sediment
characteristics in oligotrophic Lake Kalgaard, Denmark. Freshwater
Biology. 9: 1– 11.
Scheffer, M. 1998. Ecology of shallow lakes. Chapman and Hall, London .
References
Department of Environmental Sciences 154
Schmieder, K. 1996. Littoral zone – GIS of Lake Constance: a useful tool in
lake monitoring and autecological studies with submersed macrophytes.
Aquat. Bot., 58: 333-346.
Schmieder, K., Dienst, M. and Ostendorp, W. 2002. Auswirkungen
desextremhochwassers 1999 auf die flächendynami und bestandsstrukur
der uferröhrichte des Bodensees. Limnologica. 32:131–146.
Schriver, P., Bogestrand, J., Jeppesen, E., Sondergaard, M. 1995. Impact of
submerged macrophytes on fish–zooplankton–phytoplankton
interactions: large-scale enclosure experiments in a shallow eutrophic
lake. Freshwater Biol., 33: 255–270.
Seabloom, E. W. and van der Valk, A. J. 2003. Plant diversity, composition,
and invasion of restored and natural prairie pothole wetlands:
implications for restorations. Wetlands. 23: 1–12.
Sinden-Hempstead, M. and Killingbeck, K.T. 1996. Influences of water depth
and substrate nitrogen on leaf surface and maximum bed extension in
Nymphaea odorata. Aquat. Bot., 53; 151–162.
Smith, R. G. B. and Brock, M. A. 1996. Coexistence of Juncus articulatus L.
and Glyceria australis C.E. Hubb. in a temporary shallow wetland in
Australia. Hydrobiologia/ Dev Hydrobiologia 340: 147–151.
Sorrell, B. K., Janner, C. C. and Sukeas, J. P. S. 2002. Effects of water depth
and substrate on growth and morphology of Eleocharis sphacelata:
implications for culm support and internal gas transport. Aquatic Botany.
73: 93-106.
Spence, D. H. N. 1982. The zonation of plants in freshwater lakes. Advances in
Ecological Research .12: 37– 126.
Stansfield, J. H., Perrow, M. R., Tench, L. D., Jowitt, A. J. D. and Taylor, A.
A. L. 1997. Submerged macrophytes as refuges for grazing Cladocera
against fish predation: observations on seasonal changes in relation to
macrophyte cover and predation pressure. Hydrobiologia .342/343:
229–240.
References
Department of Environmental Sciences 155
Steinmann, F. and Bra¨ndle, R. 1984. Carbohydrate and protein metabolism in
the rhizomes of Scirpus lacustris L. Aquatic Botany. 19: 53–63.
Strand, J. A. and Weisner, S. E. B. 2001. Morphological plastic responses to
water depth and wave exposure in an aquatic plant (Myriophyllum
spicatum). Journal of Ecology. 89: 166–175.
Testard, P. 1995. Roles of littoral macrophytes in the functioning of lacustrine
systems. In: Pourriot, R., Meybeck, M. (Eds.), Limnology. Masson,
Paris, pp. 296–326.
Thomaz, S. M.  and Cunha, E. R. 2010. The role of macrophytes in habitat
structuring in aquatic ecosystems: methods of measurement, causes and
consequences on animal assemblages’ composition and biodiversity.
Acta Limnologica Brasiliensia, 22: 218-236.
Timms, R., and Moss, B. 1984. Prevention of growth of potentially dense
phytoplankton populations by zooplankton grazing, in the presence of
zooplantivorous fish, in a shallow wetland ecosystem. Limnol.
Oceanogr., 29: 472–486.
Tornbjerg, T., Bendix, M. and Brix, H. 1994. Internal gas transport in Typha
latifolia L. and Typha angustifolia L. Part 2. Convective throughflow
pathways and ecological significance. Aquat. Bot., 49: 91–105.
Tremp, H. and Kohler, A. 1995. The usefulness of macrophyte monitoring-
systems, exemplified on eutrophication and acidification of running
waters. Acta Botanica Gallica. 142: 541–550.
Van den Berg, M. S., Coops, H., Meijer, M. L., Scheffer, M. and Simons, J.
1998. Clear water associated with a dense Chara vegetation in the
shallow and turbid Lake Veluwemeer, The Netherlands. In: Jeppesen, et
al. (Eds.), The Structuring Role of Submerged Macrophytes in Lakes.
Springer, New York, pp. 339–352.
Van den Brink, F. W. B. 1994. Impact of hydrology on floodplain lake
ecosystems along the Lower Rhine and Meuse. Ph.D thesis, University
of Nijmegen, The Netherlands.
References
Department of Environmental Sciences 156
Van der Valk, A. G., 1990. Response of wetland vegetation to a change in
water level. In: Finlayson, C.M., Larsson, T. (Eds.), Wetland
Management and Restoration. Proceedings from a Workshop in Sweden
1990. SNV Report 3992, p. 7–16
Van Donk, E., Gulati, R. D. and Grimm, M. 1989. Food-web manipulation in
Lake Zwemlust: positive and negative effects during the first two years.
Hydrobiol. Bull., 23: 19–35.
Van Geest, G. J., Roozen, F. C. J. M., Coops, H., Roijackers, R. M. M., Buijse,
A. D., Peeters, E. T. H. M. and Scheffer, M. 2003. Vegetation
abundance in lowland floodplain lakes determined by surface area, age
and connectivity. Freshwater Biology. 48: 440–454.
van Nes, E. H., Scheffer, M., van den Berg, M. S. and Coops, H. 2002.Aquatic
macrophytes: restore, eradicate or is there a compromise? Aquat. Bot.
72: 387–403.
Vermaat, J., Santamaria, L. and  Roos, P. 2000. Water flow across and
sediment trapping in submerged macrophyte beds of contrasting growth
form. Arch. Hydrobiol. 148: 549–562.
Vervuren, P. J. A., Blom, C. W. P. M. and  de Kroon, H. 2003. Extreme
flooding events on the Rhine and the survival and distribution of
riparian plant species. J. Ecol., 91: 135–146.
Vestergaard, O. and  Jensen, K. S. 2000. Alkalinity and trophic state regulate
aquatic plant distribution in Danish lakes. Aquatic Botany. 67: 85–107.
Voesensonek, L. A. C. J., Banga, M., Their, R. H., Mudde, C. M., Harren, F. J.
M., Smits, A. J. M., and Blom, C. W. M. P. 1993. The role of flooding
resistence in the establishment of Rumex seedling in river flooding
plains. Func. Ecol., 7: 105-114.
Vretare, V., Weisner, S. E. B., Strand, J. A, and Graneli, W. 2001. Phenotypic
plasticity in Phragmites australis as a functional response to water
depth. Aquat Bot., 69:127–145.
References
Department of Environmental Sciences 157
Vuorela, I. and M. Aalto. 1982. Palaeobotanical investigations at a Neolithic
dwelling site in southern Finland, with special reference to Trapa
natans. Ann. Bot. Fenn. 19: 81-92.
Wallesten, M and Forsgren, P. 1989. The effects of increased water level on
aquatic macrophytes. J. Aquat. Plant. Manage., 27: 32 – 37.
Wantzen, K. M., Junk, W. J. and  Rothhaupt, K.O. 2008a. An extension of the
flood pulse concept (FPC) for lakes. Hydrobiologia. 613: 151–170.
Wantzen, K. M., Rothhaupt, K. O., Mörtl, M., Cantonati, M., Tóth, L. G. and
Fischer, P. 2008b. Ecological effects of water-level fluctuations in lakes:
an urgent issue. Hydrobiologia .613: 1–4.
Waters, I. and Shay, J. M. 1992. Effect of water depth on population
parameters of a Typha glauca stand. Can. J. Bot., 70 (2): 349-351.
Weisner, S. E. B., 1991. Within-lake patterns in depth penetration of emergent
vegetation. Freshwater Biol., 26:133–142.
Weisner, S. E. B., Granéli, W., Ekstam, B. 1993. Influence of submergence on
growth of seedlings of Scirpus lacustris and Phragmites australis.
Freshwater Biol., 29: 371–375.
Welch, R., Fung, S. S. and Remillard, M. M. 1985. Aquatic macrophyte
distributions in Lake Marion, South Carolina:  Laboratory for Remote
Sensing and Mapping Sciences, Department of Geography, University
of Georgia. Final Report to South Carolina Department of Health and
Environmental Control, 16 pp.
Wersal, R. M. and  Madsen, J. D. 2011. Comparative effects of water level
variations on growth characteristics of Myriophyllum aquaticum. Weed
Research.
Wolfer, S. R. and Straife, D. 2004. Saptio-temporal dynamics and plasticity of
clonal architecture in Potamogeton perfoliatus. Aquat. Bot., 78: 307-
318.
Xiao, K.  Yua, D. Huang, Y. and  Wang, H. 2006. Plastic and Non-Plastic
Variation in Clonal Morphology of Nymphoides peltata along a Water
References
Department of Environmental Sciences 158
Depth Gradient in Liangzi Lake, China. Journal of Freshwater Ecology,
21 (3): 371-378.
Xiao, K., Yu, D. and  Wu, Z. 2007. Differential effects of water depth and
sediment type on clonal growth of the submersed macrophyte
Vallisneria natans. Hydrobiologia. 589:265–272.
Xie, Y., Ren, B. and Li, F. 2009. Increased nutrient supply facilitates
acclimation to high-water level in the marsh plant Deyeuxia
angustifolia: the response of root morphology. Aquat. Bot., 91: 1–5.
Xing, Y., Xie, P., Yang, H., Wu, A, and Ni, L. 2006. The change of gaseous
carbon fluxes following the switch of dominant producers from
macrophytes to algae in a shallow subtropical lake of China. Atmos
Environ., 40: 8034–8043.
Yamasaki, S. 1984. Role of plant aeration in zonation of Zizania latifolia and
Phragmites australis. Aquat. Bot., 18: 287–297.
Ye, X. H., Yu, F. H, and Dong, M. 2006. A trade-off between guerrilla and
phalanx growth forms in Leymus secalinus under different nutrient
supplies. Annals of Botany. 98: 187–191.
Yousuf, A. R. 1979. Limnology and Fisheries of Manasbal lake. Ph. D. Thesis.
Univ. Kash.
Zhou, J. and Wang, D. 2012. Effects of turion size and water depth on
germination and growth of an aquatic plant (Myriophyllum oguraense
Miki subsp. yangtzense). Journal of Freshwater Ecology. 1–8.
Zutshi, D. P. and Gopal, B. 1990. Structure and dynamics of plant communities
. p. 127-146. In: Gopal.B. (ed.) Ecology and Management of Aquatic
Vegetation in the Indian Subcontinent. Kluwer Academic Publishers.
Zutshi, D. P. and Vass, K. K. 1982. Limnological studies on Dal lake,
Srinagar.III. Biological features. Proc. Indian Natn. Sci. Acad., 48(2):
234-241.
